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Figure 1. A freeway stretch: (a) H-scenario; (b) network representationof H-scenario; and

(c) network representation of G-scenario. BEEN'! Q!; #58 K . 3, &7300#,312#,+3"1 #1$&"!
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2.2 Queue density in each scenario

Q3!,&N!I3M#10,3%,!&;3,U3,.3.! P8383i#,,0,+! L #5!0,73%$12#,+3Q 31&,'0.3$7231#$7&9723!
9$33N#T2#MN&8%IB! P8383.18,.3%! 1&72!'13 #P0&H#,.! 1&L; #$3723VN&O$33N#53,'0703")!
*3,'075!1#9931 7' #70#%!+$&N7T2040'' 3M#D,3.10,!<31!IF)M)!

1 231V U4 310! OR23IL 3. G4 1% 3?1 87123183 ALK, 1010 BEB; B. | BA' 2&8H "' 311K, '!
I37N33,8>33$54#0$%&9B113"0>30 BHI2#, +3 )16 123 3" 311K, ' 172P$33K5K,;3$#730,'ZUL&.37?!
3>3, IN20& 2310 BSP#, +3 1#$3Q VUL 3J)!16,! 720'N#5IN3!11#,1#;;,%57230,'0+27&9K31F)J7&!
3#121Q BH2#, +3' 3, #$EB%?' 812! 2HI M HK 2806 |3>3BN23R#, . 1 231&, WL ; ' 1#43!, &AP8383. !
HAL3IBHHO!# ;9B ! Q! 23 VU3, #ERK? 723,19%&N&91&72!>3201%3; 3" N&8% $3L40,!
Q >H$3, T4, SIRIHIR, ' 24701P38383. 10 ! &2!" 13, #R )!: 20101783, &L #7BH2&N!" 2&5231Z U
'3170&,"#$3R#,.1728'1$8L,' 7$88>3,109!7235!#$3!8940B.)!!

! Q3!,&N!;$&>3V2# #PT#, 5! % & 1# 70823 >3%+3!. 3, ' OB #IR ' #9684 3 1Q ' 231Z U, . 'VU

'13, #3@ 'Hp'#,.! F 283 ; 310-3%H' #0 B! 23 RFRNQ + 2383BL IN23BI0GH ' 231 1#; #106!89 723!

V9% 3Q '23VU13, #8RH#, . ICSARI! ., HOGD'"07'18,.3$870%0-#70&,8/63>3%)

!
f SW WG B/Ae [N15B3"H & 6((& IEB3" ] Y23 §") ) IB!I=>783"$F<$>$=&)*<(&$3*<$
(%6"C"6$$4&<3B) " *#(&YAKS

! ! ! ! ! Hp! TR KL BN i H pK!
f$&&H* 0; %6310 (O FARI 231 (* OI KA | &R2'#, IVUH, . 1 Z W4 3B " 28N, #3831 D
;8Q T\ ZAV2AVIM, L IVIR ; 3103%!. 3, &Q H 23" #B 1 &g'# Z 4 31Q ' 231 Z U 13, #EBR
#,.1 723VU%#, 3PU%# B).! 7T234>83$#+31 D& "HA64 3 10 '23IVU1L3, #R)IV & & 7960 3 !
72%$&8+223'3]&0,7'0.3,7098K$$3&,.0,+! 9%&NR,! 7238 $.0,#73#MO[Iop?! ; 1#,.! . b/ )16,!
%0+RPr230,'0+2 BHX31F)IZT&PA9%&N!#7!723!;,&0,7!&910T7288#1310,!1&72!'13,#$0& !
#, . IN31# INS!. ; KIHERK oy li !, . pp!)i23$39&$3[k LS oy i !, Hppd $ oy KIEAIN3I8 3
>3$701HH1 #3$&8,.17238,.U;&0,7 &9P&PO-&, 7#E0" >3$701434L 3, 7!1Q | (OHH & 3, &B!
P339, +22720 ! 3P3H@5! 1#, 1| INKIB, 1# 1 (f of Qi !,  F ~R28 2311 1, F & ~df of A0 23!
+38L 3BIEOY On) PSS A1 3N !, ( &f A of (i Y, (VZ @V (i), (VZEHE S 5(df QMK !
, VZ@wHJl ., HO&N)R3! '31&,.! 3P8#% &Y !131#8'3!17$0#,+%08K V. !4# . IVZV 1H#3!




' OMIR23!. 3, &L Q #&$ 1 89 231 2Ch | 3PaH@5! #3831 231" #L 311 31#8' 3 WH, +98 W o |14, . |
Vof f 1#$3 U OA$RY, . 123198$2!Q 3P8#%&%.15!'81'707870&90,1300!. 39 3. 1# HI
. HO&7123#1&>313P8#%07$3:8137&J!i! , (VZ@wQR#, .!'Q 13 (VZ (i 'Hp!! IR K772Q'
1&,1%8.371235&&9)!
Q3"3AML HIH2H#A A 23V ¥4 30! ; 38BLPGI 806 3. 2723 B! . 3,' 010! 23" #.3Q ! &2!
'13,#$0&")! 28"?1&72P8383'N&8%IB! 3P8#%%5+)W7238N0'32BI$33N8#0'1%3"13,'3! 0,1723!
VU'13 #$0&BR1P&%."#0 9ON3$!>320% ! ; 35!8, (. 07, 13)! " 8%X3' %? 20! ' B$#+3! . 39UH O!
0.33.378998N!1& . O, '!& ! 23 FBN#5)!: 23!, 3SWMANCHE) L & 71# 3 13M #, . | 231VU
P8383t,.! #113%3%$873#70#%$&N2)!!:20';23,&L 3,&,!0',&N!I3M# 0,3.)!

2.3 Spatial growth of the H- and G-queues
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Figure 2. Fundamental diagrams for a single G-lane (triangle OPyPs), and a single H-lane
(triangle OP;Ps).
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3. CLOSED-LOOP QUEUES
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3.1 Maximum outflows of an idealized beltway with and without an H-lane: time-
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3.2 A congestedbeltway with and without an H-lane: time-dependent case
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Figure 4. Fundamental diagram for a whole freeway in two scenarios(underutilization = u).!
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