gobbbooogboboboooobbboooobobobuoooobobbooon s

Optimal Allocation of Traffic Capacity between Commuting and Business Trips
under Flexible Work Hours*

1. 0000

obooooooooobooboobooooooonog
00 @O)0D00D0Dooooooooooooooon

0 0O0000o0oo (Transportation Demand Management:

TODM) 00 0000000oooooooooooog
gbooooooobOoboboboooooooogn
oooooobooboboooooooboobobon
gboooooooboboooooooooboobaon
obooooooobOobooooooooboobon
gboboooooobobobooooooooooan
obooooooooooooooooooooboon
goooooTbMOOOOOOOoOoOoOoOooOoOooDo
goooooobooo
gooooooobobobooobooooooog
gboooooooboboooooooooboooboan
ooooooooobooboooooooooboobon
gboooooooboboooooooooooboan
obooboooooooooooooooooooboon
gooooboooobo TbMOOoDOOoboOooOoDbOoo
obooooOoboooooobooon
gooooTbMOOODOO0OO0ODOOODOOODOOd
gboooooooboboooooooobooboboon
oooooooobooboboooooooobooooon
gboooooooboboooooooooboobaon
obooooooobOoboboobooooooooan
gboooooooboboooooooobooboon
obooooooobOoboooooooooooan
goooooboooooobooo

2. 0DO0oO0oooTbMDODOOOODOOOO0ODOO

(1) cooooTbM OOOoOOoOOoOoOoOoOoooo
oooooooooobobooboboooooog
OTbMOO0DOO0O00OO0OO0O0O0O0O00O00DOO

*O00o0o:TbMO0O0O0O0OODOOCOOOOOO0OO
“000,0 (0), 000000000 0000000
(0870-03970 00 00 1727-162, TEL : 097-524-2611,
E-mail : yoshimuramt@nbu.ac.jp)
**0O00OO,0 (0),00000000ooooogo
(0980-85760 D OO OO 41, TEL: 022-795-7571,
E-mail : mokmr@cneas.tohoku.ac.jp)

ooocoo=ooogog =~

By Mitsunori YOSHIMURA™ and Makoto OKUMURA**

000000000000000000000000
00000000000 00000000o0onooo
000000000000000000000000
0o0oo0oOoooooooo Y2
0000000000000 000000 2000
000000000000001000000000
0000000000 000000D0Doooooo
000000000000000000000000
0000000000000 00000O0DoOonDo
099000 100000000000000000
0000000000 000000000onoooo
00000000000 000000o0DoDoooO
0000000000000 000ooooooo
000000000000 000000ononoooO
000000OPTOOOOOOOOOOOOO®OOO
00000000000 TDMOOOO0O0O0D0O000
000000000000000000000000
oooo

(2 booooO T TDM OOOOOOOODODOOO

obobooooooooooobobobooooo
obobooooooooboobobobooobooogoo
obobooooooooobOobobooooooon
gboboooooooboobobobooooogoo
gboboooocoooooboboboooooogn
oboboooooooooboboboooobooobogoon
gboboboboboboooobooooobooooon
obobooooooobooboboboooooogon
gboooood

ooooooooooooo TbMOOO0OODOO
obobooobooooooobooboboboooogoo
goobOoboooooobooooooboboooooo
goooooooboobobooboobg TDbM OO
gboboooooboooobobobooooooon
obobooooooooboobobobooobooogon
gbobooooobooboboboooooooogann
oboooooo

oboboobooooooboboboooboooog
oboboooocooobooboboboooooogon



gooooooooboobooooooooogoooo
obooooooobOoboooooooooboooboon
gooooooobobobooboooooogoooon
gbobobobobooboobooooboooooon
oobooobooboboooooooooobooooon
gbooooooobobobooooooooooann
000000000 700000000000000
gbooobooboobobooooooooobooobao
obooooooobOobobooooooooooan
gooooooobobobooboooooooogoo
gooooooo

3. boooooooooood

(1) DoOoOoOooooOoOooooOoooo
obooooooooobobooboooooooonog
oo0oooo0oooo0ol1000oobo0ooooDoooo
000000ooooooooooo NO)oooo
oooooo0o010o0oo00o0oboobo0oooDbooo
gooo0liooooooceeb@o)yoooooooO
gooooooobooboboobooooooboboo
oooooceBboOooOoOooOooOooDOoOoOoOoOon
goooooooboboooooooooboboo

gobObooooobooooobobooooooDbo

OOooOoOoDoOoO0oDOOo0ooOOo eceBbooooooDoOoO
gbooooooobooboboboooooooan
obooooooooooooooooooooogn
gooooooobobobooboooooooogoo
oboooooooooooooooooobooboan
gooooooooogo
cBbO0O0ODOOO0OO0OOOoODOOOOoOoOooODOn
ooooopoooooooooeeboooooOoonOo
0000000000000 0000O0000 Ko/
0)OKy(O/O)Oooooooooooooooooo
000000000000 pointqueue] 0O O OO0
gooooO0Oo@Eo)oooooooooooooo
oo0ooooooooOoooooboooo200000
gooooOoOooO@EOo)yooooooooooooo
KOODOOoOoooooooooooooooooobo
gbooooooobobobooooooooooan
obooboooobooboobooboobooooboogon
gbooooooobooboboboooooooan
obooooooobOobooobooooooooaon
gooooooobooboboooooooboboo
obooooooobOobobooooooooooan
gooooooobobooooooooobogoooo
gbooooooooooooobooooooboooaon
obooooobooooobooooobooboooon

FELER
HORE B2 B Ke (51)
SRR Bt Ko (/)

001 0000O0OoooooooDo

oboboooooooboobooboooooonog
obobooobooooooobobobooobooogoo
Oo0ooooooooooooooooo (=000
opoooo

(2) DoOoOoOoOoOoOooO

00t O00000000000000000000
0000000000000000000000 TO
0000000(T-t)(0)000000000000
0000000000000000000000000
000 ¢0/0)00000000000000 SAt)
ooooooo

SQte) = (T - to) @)

00t 00000000000000000 a(t)
00000000000000O0Oalt)000000
0000000000000000000t0000
00000000 (@O0)000000000 mtO0
000Omt00000000000000000

m(t) < Kc )

000O0mt)=dnty/dt00000000000 m(t) <
at)00o000o0o0ooo

0000000 i000000000000000
00000000000000000000000

000000000000000000000000
iD0000000000000000 (T-a*@))0)
000000000000 00000O0O0O00On
(mi()-a())(0)000000000000000
00 ()0000i0D0000000 800inoo
0000000000000000 DC()00 (4)0
oooooo

Sqi) = c(T -a (i) (3)
DC.(i) = e(m™(i) - a™(i)) 4)

oo0o0O0OmY),a()00000000000000
000 mDOO0O000000 at)00000°00



00000i0000000000000000000

o0/0)00000000000000000
00000i000000000000000000
OV(@H) OO (3),(4)0000000000000

V(i) = SQi) + DC(i) ()

(3) O00O0DOOOOO

0000 CBDOOOOO0OOOOOO0O0O0O0OODO
000 CBDOOOOOOO00OOO0O00OO0000DO
000000000000000000000 800
00000t,000000000000000000
r0CBDOOOOO0O0O00000O0ONCOOOOODO
00000000 An)°0000000000000
00000000t 000000000000000
0000000 [4.T]0000000 Y(t,) O0OO0O
ooooo0o

T
Y(tw) = ft An(t)"dr (6)

0000DAOOODOOOOOOOOOOOOOOOO
000100 CBDOOOOOOOOOOOOOeO
000000000000000000 (<1)0000
nr) 000 r0 CBDOOOOOOOOODOO0O000
(=000000)0000000000 mr-OO000
000000n@)<mr) 000000

000000 nt000000D000nt) 000 t
000000000 p) 0000000000000

() = p(t) ()

OO00O0OO0OOOOOOOOOOOOOOO Nt O
gboooooogroboboboooooooogn
O00000oooooooooooooooo u)
O0000ut) 0000000000000 000

U(t) = r n(t) (8)

000000000000K, 00000000 t0
00000000000(@00)0000000000
V) 00000V 0000000000000o0oo

v(t) < Kp 9)

0000000C0000000I000000000
000000000000000000
000000000000000000000000
|000000000000000000000000
Doooo (vi()-ul()(0)oooooooooo
000 DCp() 0000000000

DCy(l) = b(v'(l) - u™(1)) (10)

0000ObO/0)00000000000000
000000000000000000000C000
0t,00000000000000000
000000000000000000000000
00000000000000000000000 ty
00000000000 W(t,)OOODODO (6)0000
0-000000000000000000 DC)(r)i(r)
0000D000000n-) 000000000000
000000000000000000000000
0000000000000

T (DC/(7)u(r
W(tw) = Y(tw) — f M dr

ty n(7)
0000DC(r) =b(u(r)-v(r)) D0 OO0 DODODC(r)
00 (1000000000 (10)0000000000
000o0ooooooooooooDo 1)yooooo
gboddoooboooooooooobooooog
gooooooooad

(11)

(4 0000000D0000000000000
0000000000000i0000000000
ooooooo 0@)O0O00o000O00oon
(i) = W(i) - V(i) 12)
O00OW@H) OO (11)0000i000000o00n
000000000000000000000000
ooooooooo
0000000000 (12) 00000000000
0000000000000 SwooOodO

swzjwomm (13)
0

4, 0O00OO0DOOoO0OOoOobOOobooooooo

(1) 00000000000000000000

00000000000 000000000000
000000000000000000000000
ooooo

0000000 TW<T)OOO0DODO000 W(Ty) O
000000000000000000000000
0000 V@HOOODO000000000oooo0oO
000000000000000000000000
00000000 (=0000)0000000000
0007000000 AD00O000O0OO0COOO0O
ooooo

00000000 (=000000000000)a(),
000000000000 (=000000)mt)00
te[Tw-N/K,Ty] 00000000000 O0000



oooooo
CrOIN-K (Tu—1t) ft<T
at)=y € . (14)
N it T <t<T,
nﬂ) =N-K¢ (Tw - t) (15)

OD00T=Tu-c/(c+e)xN/K.OOODO
0000000000 VvV@HDOODO0DO00oD00o0O0
oooog

V®=C&T—R0+%} (16)

Ooo0TOOOOOOY(MyOOODODODODOOOOO

oooooboooo
Y(Tw) = ANY (T = Ty) a7)

000000000000000(=0000000

000)ut), 000000000000 (00000
0000)v(t)0Ote[T,,T]0O0O000000000
0000000000

ut) =rN (t-Tw)
{Na—no

(18)
if TN <Kj
if TN > Kp

(19)

Kp (t—Tw)

00000 (19 00000000000000000
000000000000000000000000
Doooooo

000000000 W(T,)O00O00o0oooo0o
AN® (T = Ty) if N <Kp
AN® (T = Ty) (20)

1 .
—ém«N—Kwﬁ—Tmz if N> K,

W(Tw) =

OO00o0ooopooooobD swooooooooo

AN (T - Ty)
4N%T—ﬂﬁ+ﬂ} if TN < Kp
Ke
SW= AN (T - Ty) (21)
—%MNUN—%%MT—TMZ
—cN{(T - Tw) + E} if TN > Kp
Ke

ooooopooooooswoooooooood
0000000000000 KKy OOO0OoooOodsw
/dK,=000000000O000000000

. 2cN
Ke= o= (22)
br(T -Ty)
K = KK (23)

D0D0K;2rNDOODOOK; =rN,K;=K-rNO
00000000000000K; 000000000
br0DO0D00000DO0KODOODOOOO

() 0000000000000000000000
oooO
00000000000000000000000
0000000000003.00000000000
0000000000 (13)0000000000000
000000000000000000000000
0000 t0000000000000000000
0000000000000000000000 Ou(t),
o), ke(), ko) 00D DD (W) 000000000
0sSwOoOoOOOOOO0O0000o0ooo0o0o0oon

nmxSW:jJPQMMdD—mm%meG—D
u(1).p(t) To
+N(L)Y () — bl(t) (u(t) — v(t))] dt  (24a)

ke(t)kp(®)

st. aft) = u(t) (24b)

m(t) = ke(t) (24¢)

n(t) = p(t) (24d)

ut) =rn(t) (24€)

V(t) = ko(t) (24f)

Y(t) = ~An(H)” (249)
gi(w(t)) = —ke(t) <0 (24h)
(W) = ke(t) - K <0 (24i)
ga(W(t)) = —ko(t) <O (24))
ga(W(t)) = ko(t) - (K - Kc) <0 (24k)
hi(xt)=at)-N<0 (241
ho(x(t)) = m(t) — a(t) < 0 (24m)
ha(x(t)) = n(t) - m(t) <0 (24n)
ha(x(t)) = —-n(t) <0 (240)
hs(x(t)) = v(t) — u(t) < 0 (24p)
he(x(t)) = -v(t) <0 (24q)

a(To) = 0, m(To) =0, n(To) =0,

U(To) =0, \(Tpg) =0 (24r)
M(x(M)=aT)-N=0 (24s)
B(X(T)=mT)-N=0 (241)
B(X(T) =n(T)-N=0 (24u)

04(x(T)) = Y(T) - f ! An(r)%dr| =0 (24v)
t t=T

0000T,0000000000000000kK(),

k) DOODDOODODODODOOOOODODOOOODOOO
0000000000000000000000 K,
Ko(= K = Ko) 0000 (O (24h)-(24K))D O (24b)-(24g)
00000 xt) = (at), mt), nt), u), v(t), Y©) 00 0
0000000 (24)- (24q)0 x) 000000000
000o000ooooooooonD (24000000
0 (24s)-(24V)0 00000000



Sl Sz :Sg T
(a) REAT Lo 2+—Fhh 3

To S S,
(b) —FREEILZ T LY I A

NF oo __
_at) : BEA TR
# =m(t) = ARIBNHIFE
%j% —n(t) : BREEE
" ) p | eu() R
T8 =5, ST —V(t) : AR BN

(©) 7Ly I AD I
002 000000000

000000000 wtOoOoo000000 (24a00
000 (24b)-(249)0 0 0000000 OOBang-Bang
0000000000000000000000000
0oo00o0O0oooooooo 90

00000000000000000te([Te, T]OO
0000000000000000000000000
a0000000000000000000000adb)
a0 0000000000000000000000dc)
00000000000003000000 (0020
0000000000000000000000000
00 S1,S,S;:00000000000000000
000 (000000000000 000000)oao
00000 (=000000000000000)00
000000000000000000000000
Ox() 0000000000

0000000000000000000 w00
000000000000000000000000
000000000 K. O00OO0DO0DDODOO0O0oooooo
0000000000000000000000000
0000000000000000000000o0n
00000o00o0oooooooooooooo 90

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000 a000d b)O
0000000000000 0000000000
goo0o0ooooooo

5. 00o0oooD

(1) 0O00O0O0O0O0000O000O0OO

00000000000000 c=400/0)0e =
3000 /0)0b = 500 /0)0N = 50000 )0 a = 050
r=2%)0 000000000 T=10:000A000
000000000000 480Q) 000 200000 )

OS]
5,000

(Ke=21,Kp =79)

b

“% 4,000

fiapac

¥ 3,000 (o)

2,000 Ev(t

1,000

l@

930 10:00

0

5:00
5:32

6:00 7:00 8:00 9:00

003 00O0O0oOoooooOooooooooo

UN) (Ke =65,Kp = 35)
3,000 30 —mmaems
0 =M(t) == BN
54,000 [| — n(t) : AutaE
A e U(E) + AR d Ke o o
3,000 | VAU :RABCEBBNL P
’ .ll"I
a(t)=m(t) u(t)
2,000 > - 6’
| I' y ,,uu Vi t
1,000 M) e Ko
0 N | W%
f
8:40 g.43 9:00 4.5 9:20 9:40 10:00

004 O00OO0DO0O0OO0OO0oO0oboOoooooDo

000000000000000000000000
00000000 K =1000/0)00000000
000000000000000 Tw=9:30000
ooo
00300000000000000000000
00000000000000000000 K =21
(0/0)0000000 K =790/0)0000000
000000000000000000000000
000000000000000000000000
00K, OOOODODOOOO0OO0OO
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooooOoO00O0
000004000000000000000000
00000000000 (@O0O00)00000000
00000 K; =650/0)00000000 K =35
(0/0)000000000000(00)000000

)

J



()

10,000
A PERA

— 0 NoO e e —————
A 10000 S~ T~ A RB
H S
7 S~
» —20,000 # : =
2 f’;mégﬁ\\\:>¥%ﬁwxﬁm
1 ~30.000 ; =
i : NG

-40,000 — ;

K =21 ~
-50,000 = L L L
0 20 40 60 80 100

mEEAaR Ke (/%)

005 0OoOoooooooooobooooo

(F)
3,000 \\\
2,000 -
g HEDERR
7 1,000
U e T VB A
o 0 %Ti{f;iﬁiﬁjﬁ_ﬁ _____
2 —
£2-1,000 ///’r’ ==
>S5 \/i/g;_ )EH _ — - -
~2,000 Rk e
o BEIA Y a— )L a Ak
~3,000 ‘ xa ‘ :
0 20 40 60 80 100

HEN B A Ke(= K = Ko)(5/43)

o0e6 ODO0OOO0O0OOOOOOOOOODOOD

obooooooobobooooooooobooobon
000000 K. OOOOooooooooooooo:1o
gbooooooobOobobooooooooooann
gooooooobobooooooooboboo
oooolo00 920000000000 00OO00O0OO
ooooooooooboooboooooooogoon
gooooooOoOoOoOOOOOO920000000
obooboooooOooboobobooooooogon
oooobD KyOODOobooooobobooooooo
9200000000000 DOOOO0ODOOOOODO
goooooooboboooooooooboboo
goooo
obooboobooobooboboobooooonog
0000000000000 00 K;=210/0)00
Ki=650/0)00000000000000

(2 000000000000

000000 K (0OODOD0OO K-K)OOoooo
00000000 1000000000000000
00000000000000000000000 50
0000000000000 000000000 60
ooo

00000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo
00000000000000000000000
K.0OOODODOOOOOOOOO0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo
K.OOOODOOOOOOOOOO K, 000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O0000000OK =650/0)000000000
(000D0D0D00)000 (-5280)000000000
000000 K. =650/0)00000000 Ky, =35
(0/0)00000000000000000 (00 4)
000000000000000000000000
00000000000000 44@/0)00000
oooQ

6. OO0OO

obobooboocoooboobobobooooooog
gbobooooooboobooboboboooooogon
oboboooocooooobOoboboooooon
obooobooooobooooooboooboooboo
gboboboooooooooobooooooooon
goobooobooooobooboboboobooogo
gboboooooboooobobobooboooooon
obobooooooobooboboboobooogon
gbooooboooobogoboo

oooooos3.ooooooooooooooo
ooboooooooobobooboooooooogoo
gbobooooooooobOoboboooooogn
gboboooooooboboboboboooooon
gboboooooooooboboboooooon
gboobooboboooboooooboooboooooo
gbooooooboboboboooooooogan
obooooooooboobobooooooogn
ooboooooboooboooooooooobooooboo
obobooooooooobOobobobooooon
gbooboooboooooboobobobooobooogo
gboooood

obobooooooobooboobobobooobooo



gooooooooboobobooboooooogooboo
obooooooobOobobooooooooooan
gooooooobobobooboooooogoooon
gbooooooobOoboobooooooooooan
ooooooooobooboboooooooobogooon
gbooooooobobobooooooooooann
oono
gboooooooboboboooooooooong
obooooooobOobobooooooooooan
gooooooobooboboooooooooogo
gbooooooobOobobooooooooooann
gooooooobobooooooooboboo
gboooooboobobooooooobooboboo
ooooooooboboboooooooobooooon
gbooooooobobooboooooooobooobao
obooooooobOobobooooooooooan
gooooooobobobooboooooooogoo
obooobOooooobooboooooobooon

oood
1) 00 0OoOooogoooooo:oooooooo
gooboooboobooooboobooobo,ooo
00000000, No.15, pp.831-840, 1998.

2) 00 00000000000 :00000000
00000000000000000000,O0
0000000000, No.16, pp.979-989, 1999.

3) O 0Uooo0:00o00ooooogogoon
goooo,00b00000 A-260,000000
ooo, 1999.

4) 0000000 O0:00000O00O00O0oOoOO
o0oo00o0oooooooOo,0000o0o0ooao
0, Vol.18, No.5, pp.779-786, 2001.

5 00000000 :0000000000000
gooooooooooooooooooooo
00000,00000000000,Vol.20, No.4,
pp.903-912, 2003

6) 0000000 OCOODOOO :000000go
gbobooooooooooo,bobobooo,
No.34, pp.217-222, 1999.

8)

9)

10)

Henderson,J.V. : The economics of staggered work
hours, Journal of Urban Economics, Vol.9, pp.349-
364, 1981.

0000 : 00000000000, 0000,
pp.54-104, 1994.

0000000000000 :000000000
00000000000000000000, O
0000000000, Vol.19, No.4, pp.823-830,
2002.

O0A O0O0O0O0OO0ODOOOOoOooboooog
obooooobooog

O00O0O0O0oooOmt <K,OOOOoOoooo
gboooooobobooboobooboobogoooog
ubooobooooboobooobobooobog
gboooobooboooooboboobooboboo
ubooooooooobooooboobooog
obbooooobooooobOobooobooonoo
oooooboo

m(t) = Ke (25)

0000000000000000000000
ONOOOOOOOOOOT,00000000
0000000 (25000000 (15000000

godoooooooouooogoooougoogog
000000000000 000 (00000)d
gooogood

V(i

AL OB

ai (26)

0 (15,0000 a*0) =m0 000000
(26)000000 (4000000

oooooooo T,000OO000000000
ooo00Ont)0O000000000000

r
n(t) =
N

00000000000 (0000 (17)000
0000000000000000000000

if t<Ty
if Tw<t<T

(27)

7) Yoshimura,M. and Okumura,M. : Optimal commut-
ing and work start time distribution under flexible
work hours system on motor commuting, Proceed-
ings of the Eastern Asia Society for Transportation
Studies, Vol.3, No.2, pp.455-469, 2001.

(8000000000000O000O0 (9)0000
0000 (180 (19000000



gboobdgobgooboooboobboboboboobooboobooobg -
gobooo=pooog =

gooooooboboooboooobobobooooooooo TDMOODOOOODOoDObObOOoOOoDOoD
ooboobooooboboooboobooooboooobooboooobOobooooboOobooooboon
oooobooooboobooooobooooboboooooboooooboboooobooboooooboon
goooobooooobooooooobooooboboboooooboooooboboboobDoboobooDboo
obooboooboobooooboobooooboooobooboooobooboooboOobooooboon
goboobobobooboobooooobobooooboooobOOobooooobooobn

Optimal Allocation of Traffic Capacity between Commuting and Business Trips under Flexible
Work Hours*

By Mitsunori YOSHIMURA™ and Makoto OKUMURA**

As the relaxation measure of the road congestion, we review and are implementing the introduction of the TDM
policy of the time distributed type. However, when these policies are widely introduced, the part of the business trips
which occurred after the commuting time band ended so far gets to occur at the commuting time band, too. In this
paper, we think the optimal allocation problem with roadficacapacity to the conflict of the commuting fiia and
the business tfc under the flexible work hours. We have proposed the theoretical model which demands the time
distributions of the commuting and the businesfita.




