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Abstract: Hyperconnected relay transportation enables using a relay system of short-haul
drivers to deliver long-haul shipments collectively, which helps address root causes of trucker
shortage issues by transforming working conditions with potentials of daily returning home,
accessing consistent schedules, and facilitating load matching. This paper investigates
hyperconnected relay transportation as a sustainable solution to trucker shortage issues
through a logistics platform. We propose a two-stage programming model to optimize
consistent working schedules for short-haul drivers while minimizing transportation costs. The
first stage involves opening services and contracting truckers under demand uncertainty, where
each service has a service route and approximate service schedules adhering to USA federal
short-haul hour-of-service regulations. The second stage assigns hauling capacities to open
services and manages commodity shipping or outsourcing given the demand realization. We
extend the model formulation to account for various operational patterns (e.g., freight loading
and unloading or hauler swapping) and schedule consistency requirements (e.g., weekly or
daily consistency). A scenario-based approach is employed to solve the model for a case study
of automotive delivery in the Southeast USA region. The experimental results validate the
proposed approach, and further explore the impact of stochastic demands, operational
patterns, consistent schedules, and hauling capacities on hyperconnected service network
design. This research aims to offer practical guidance to practitioners in the trucking industry.
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3"N"6, J#$%!9, $8480"$0!+JJ5, VEB+0"1891"3.6"8)!5"@"55" 310, 1+8!8*5N#98)!@, 519, $05+90* 3181, 50P1+ . !
05.9Q"58=! ["!5%J5"8"$0! 048! . $9"50+5$0-! 015, .%1! 9-9649! 89" $+54,8! , 0! 3" B+$3! J+00"5$8! +$3!
0,58 .6+0"1+10?,P80+%" 1B, 3"6-!!>_91!1d#$1"5" $6-107, P80+%"1J5,06" Be!@,9.8"8!, $101 7134580 80+%" !
, 013" 81%$#%!+!$"07? , 5QM+$3195" +0"81+19, 557 90! . $3*580+$34$%! , 611, 201" 17072, 5Q!?#66!0" !, I *5+0" 3!
015, .%2101°18"9, $3!80+%"=!:01+90.. +66-184B J6k#" 8101 B . 604P80+%" 1$+0.5"1, 101" 15" +6!35, 06" B!8. 91!
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01+012"19+$!10-J+8814$0549+0" 13" 0+468!01+01+5*1 B, 5" 1 3 *504$ " $010, 101" 13-$+B#9! , I *5+0# , $+61J1+8"=!
" !+68, 16480157 (4$#$%!+JJ5, VEB+0"1891"3.6*810-1+99, _ $0#$%!@,5!80, 91+8049105+4649104B " 1+8! , $" 1, {!
, -010.0.5%172,508-1> 913" +1,§1+JJ5, VEB+0#, $P0L " $P5 " (#$4$%!4814$8J45 7 310-14 , 6+$3! *01+6=IR IHT S)!
?1,1#$05,3.9"31+18-80" B+0#9!9, BJ . 0+0#, $+6!B *(1, 31Q% , ?$!+8!3-$+B#9!13#895" (4&+0# , $!3#89 , N *5-!
0,5101°19, $0#$. , . 8!8"5N#9"1$"07?, 5Q!3 " B#%Pl#$S!+1%" $"5+619 , $0 " VO=!!

3 Methodology

[718,9.8!, 30171948 121 "5" 1+136+08, 5BIB+$+%" 8101 " 15, 44800818 " 5N#0" |, N"51+135, N#3" 315"6+-11 . O!
$°07,50:1E1"1J1-849+61$707,5Q14813"$,07310-1 1 P ** 4pPL &P 12411$, 3718015 P 15" J5" 8" 0!
1.0!$,3"81+$314+5918"01& P 15" J5" 8" SUSHI9, $$ 90" 31459810702 "$I1. 0%, 3"8:IFIIG+SSI$%IL, 548, B!
1819, $8¢3"5" 31+$3134805" 048" 3180, 11( ) *1"N"$6-13¢805¢0..0" 310¢B " 14$80+$08)! 2 149114813"$, 0" 31+8!
+ o/ (O U101 $19, $805. Q01+I0EB *P8I+0" IS0, 5Q! T ** #BY & "10+8" 3!, $I01 11 -849+6!
$°07,5011 7 #BPY &P " +$310171 3805 048" 31 J+ESUI 1, 548, $I+=1EL"1$, 3718015 1481 +00+4$ " 3!
0-15" J649+0¢$1 " +911$, 3 SIS P18, 51( ) *I¥B"8)I 21571 " ,#112"31 4 P12 4 +0-IE1" 450!
8701819, $84808! , A1+1B , NiGUI+5918"01& M 1+$31+11 , 63489145018 01 & H=1E1 " 1§, 5B *514$06 . 378101 *1+508!
070" "SI 4B "1 5" J6#0+0"8! , 610, 1 3496"5"$01 1.01'$,3"810,1 B, 3"6101" B, N"B"$08! , 6! 65" 110! , 5!
05.9Q"58)! 146" 101" 16+007514$9, 5.3, 5+07 8101 * 145981002 * "$10°?, 15" J6£0+0"8! , (101" 18+ B *11.0I$, 3" 140!
07,19,$8" 9. 0N"1 (4B " £580+$08)! 87310, 5! B, 3"64$%! 436" (4B "1 , 5 J5, 9" 8BS 4B "1 , 1 65" #6101 , 5!
05.9Q"58: C+011+50!5 4 &!1+8101°1§,5B15 ** 611121 " #12522 7121 5" 411521 "4 #12492" 4 !
>J"O430+66-)! £615 1481 +1 B, NeSH! +50)1 2*1 24861 T+N*111 8 121+$3122 O 2115* 35 8* $th! 011 (5+N 6!
04B"1J6.810. 8051043 " 19, 501" 1B ,N* B"$0165, BI1.01$, 3711110, 11.01$, 37112 HGI518I+11, 63¢5%1+50)!
2T IPHHITNTILL " 121483122 ** 21 ) *l

E17136+00, 5B!B+Q" 819, $05+908!, N*51+18"01, 813, 0" $0+6185N49 " 81 = 10, 05+$8J , 50165 #610:IC+9 118" 549"
S 4 711481+ §4V731 8"5N49"1 5, .0%1 +$31 +JJ5, VEB+0"! 8"5N49" 1 891*3.6"8)! 5*J5°8$0"3! 01 ; **
<SG /4572) P15 5L 4 &MIE$349+078101" >PILI B, N"B"$!, 61 8"5N#9" 1310, 51> 4 ,*1 /42,01 Z, 5!
VABJIET)HIBTINGT s Tt L h2, L2, Tt L, 2, AL, 62, " MON5" 05" 8" $081+18"5NAO "1 J6+ 85 310, !
80+50165, B11.01$, 3711, 1401 (4B " 14$80+G012, )1 +556N" 1 +01 1 01§, 3711, 1+01 0B * 14580+$012,)101* $16*+N " !
1.0!$, 311, 4014 " 11580+ $012,)1+$31570 5510, 11.. 01§, 3" 11, 1+0I4B " 14$80+$012, 2 E 1 "1J6+05, 5BI$ ™ * 38!
0,13"043"1 2140118 5NEO 10, !, J"$1+$31 1, 21 B+$-105.9Q"5810, 19, $05+90! , N"5! "+911 , J"$!8"5N¢Q"!
0"8,5"101°10$, 26"3%"1, 013" B+$38-1\.$9"105. 90"581+5" 19, $05+90" 3)101*19, $I5+001§" * 814511 +31+$3!
0+$%,010719+$9766" 3:IC+OL118"5NHO" 1; 4 = 11+81+19, $0+90"3105. Q" 519+J+940-1@,=\$9" 101105 9Q " 58!
4519, $05+907310, 18" 5N49"8)I01 "1J6+00, 5B19+$N01 " $1+331+11+ . 4$%19+ J+9H0-IA 4 BIR, 51875, 19+J+040-!
4519+8"1, 61"V9"8819+J+940-510, 1"+9119,, $05+00" 3105 9Q"510+8" 3!, 101" 1+00. +613* B+$3189" $+5¢, =!

E171J6+06,5B!5"9"#N"81017105+$8J, 50+0#, $!5"X.. *808!@,5! B .60#J6"19, BB, 3#0#"8-!C+91!9, BB, 3#0-!
C 4 D!1+81+$!, 584311 . OIE, )1 +!3" 804$+0#, $!1 . OIF ) 1+$! " $05-104B " 128)1+13. "B "123)1+$3IN, 6. B "!
G1Z,5"+9119, BB, 3#0-)101"1J6+00,5B!1+8101"!, J0#, $! , 0105+$8J , 50¢$%!40!10-19 , $05+90" 318" 5N#9 " 8!
.1, 08, . 59$%!H010, 101453PJ+50-16, %6#80498- 6619, BB , 3#0#"81+51*VJ* 90" 310, 10" 13" 64N "5 3!, $104B *=!

[71+88.B"101+0101"11-3"59,$$"90" 3! 8*5N#9"1 $"02,5Q! , @' 01716, %#80#98! J6+00,5B! +31*5"8!(, ! +!
368045901 10!, J"5+0#, $8! J+00"5$! +$3! B+#$0+4$8! 9°50+4$!891°3.6"19, $8#80°$9-=IE?, !, I "5+0#, $+6!
J+00"5$8!+5°10+Q " $14$0, 19, $8#3"5+0#, $!, 51101, I "5+0k , $8KIA5"4%2016, +34$%! +$3! . $6, +34#$%!RZ (US!
+$31 1+._6"51 82+JJ#$%! R<>S:1 Z, 51 Z (U)! 354N "58! 80+~ #0211 01 45! 05 9Q8! Ri$96 - 3#$%! 05+90, 58! +$3!
1+.6°585)!+$3105"#%1019+$!10" 16, +3* 31 +$3! . $6,+3"3!+0! *+91!1.0!@,5! 95,883, 9Q#$%=! \$!01"! 015!
1+$3)!0,5!<>)11+.65819+$!0"18" J+5+0* 315, B! 354N *58!+$3105+90, 58-1\$9 " 165" #%10!4816, +3 " 31450, I +!
1+.6"5)1015" B+$81$8#3 101 " 11+. 675! $0#6!5 " +914$%!408!13 " 804$+0# , $)! 2401, . 01+$-1+3340#, $+6!6, +34$%!
,o! . 96, +3#$%! 3. 56$%! 01! 3"64N"5-1J5,9788-! Z.501"5B,5)! @,5! Z(U)! 2719, $843"5! +1 9, $340#, $!
21701751057 #%10!,0101"18+B"19, BB, 3#0-!2#66105+N "6!+6,, $%!+! . $£X . *19, BB, 3#0-1J+01!(5, B!, 54%#3!
0,!13"80s$+04, $=1>_9119, $8¢3*5+0#, $!4813. *10,101"1§+908!101+0!19.80, B*58! B+-135"("510, 15" 9"#N"101"!
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J5,3.908!+81+11,6"13+9Q!+$3!Q" * 310" 00"5105+9Q! , (101" 1814IB " $08-! ; , $8" X "$06-)! 2" I1+N"1015" !
,J"5+0#, $+61J+00°5$810, 19, $83*5K! (7-1)!05"4%1016,, +34$%! +$3! . $6, +34$%! ?#01!B _60#36"!19, BB, 3#0-!
J+018IRZ(UIPL/ ; 79)! (i-2)185" #1016, +36$%! +$3! . $6, +36$%! 2?#01!184$%6"19, BB , 3#0-1J+01!RZ (U!P!
>; 7S)H$3I1+ 675182 +IJHSUR<>S-1>91"3 619, $8480" $9- 1481468, 10+Q " $1$0, +99, - $0!13. " 10, I354N " 58!
J5"@"5"$9"10,5'9, $8480"$01891*3.68)!18.911+8!? " *Q6-!, 513 +#6-1891"3.6"8=! L "13"$, 07101 " 1J6+SS#$%!
1,5, $14+8!+)1?21491148!19,BJ,8"3!,0!B . 6043671891 3.6"19-96"8)="=)!+ ** +1 H / H +¢)121"5" 11!
5°J5"8"$0810110,0+6!$ . BO"5!,[#19-96"8-IC+91!8"5N#9"I; 11+81408!180+50104B 13" 0"5B#$* 310- 101" 18*5N#9" !
9-96"1J,!+$3101718J " 9#(#9180+50104B " 121240145101 +019-96" !

3.1 Two-Stage Stochastic Programming Formulation

7! 3°N"6,J! +1 0, P80+4"! 80,91+80401 J5, %5+ B BESH! B, 36! 6,5! 0171 J6+08,5B! 0, ! 3*8#4$! 01!
1-J759, $$" 90" 316, %8091 8 5N¢9" 1970, 5Q=! [ "1 645801 5, N¢3" 101716, 5B . 6+0¢, $1 24011 , J"5+0¢, $+6!
JH0"ESHBIZ(UIPLY/ £ 71+$318917 36719, $8¢80" $9-1 240110, 0+6!$ . BO"5!, 619-96"8! 1 ** *:1Z,51Z (UP!
/3 7) +1 059075 5°6%581 0,1 +1 35N"E)1 0,1 21, B! "1 9+$! +88#6$! 05. 908! 24011 348075 $0! 1+ 645!
O+J+OH#"BIEL "1, OL" Q04N " 14810, | BHGHB& " 10, 0+6105+$8 , 50+0¢, $19, 8019, $8805M! , 4105 90519, $05+90!
0,801+$3!1+.6*515"$0+619, 80)! P L6710 . #6345%! , JOHB+619, $8480" $018"5N49 1891 367813, 5181, 50PL+. 6!
5%6+-105.9Q"58:) EL"! G4580P80+%" | 3"0¢8, B! N+5#+06"1 481K )1 +5! 43070751 N+5#+06"1 5% 5" 8" S0%4! 01" !
$.B0"5!, (135N 5810, 19, $05+0010, 181, 50P1+618™5NEQ" 1 4 ==IEL"18"0, $3P80+0" IN+54+06" 819, $8¢80! , 6!
L #M" ) N, M 14831 0, M =1 L M " 1481 +1 O#$+5-1 N+5+0671 0,1 463494071 217017510, ! , .08, 50"
9, BB, 310-ICI$13" B+$3189"$+5¢, IM=IN, ,#M " HBI+1$, $$"U+0N"19, S04 . , _ BIN+5¢+06" 1B "+$e$%101 ™!
N,6.B"1,019, BB, 3H0-I1CI01+012456105+N "58" 45015 14313 " B+$3189" $+5¢, IM=10, , #M " 1481+1$ , S5 Up+0iN" !
490706 " SIN+5#+06 15" J5 " 8" SUSU101" 1S . BO" 5!, 105 908! PH0119+J+040- 1848." LAIDL+01 246610 1+88#4$ 310,
875N49" 1 14513 B+$3189" $+5¢, IM-!

E1"1B+01"B+0#9+6!0,5B . 6+0#, $!48!181, 2$1015, . %1!"X_+0#, SIRTSIFIRASIEL"!, OL* 94N " 10 . $90# , $IRTS!
1810, !B#$¢B#&"101"18. B!, (10,0+6!9, $05+90* 319, 80!, @1 356N * 58! +8! 2 66! +8101 10, 0+6! "I *90" 319, 808! , !
05.9Q!5"$0+68!+$3!9, BB, 3#0-!, .08, .59$%! 2#01!5"%+53810,!3" B+$3! . $9"50+#$0-=! ; , $BS+HS0IR1S!
"$8.5%8101°19,$05+90"3!'$.BO"5! , (! 356N"58! 3, 78! $,0! *V9"*3101"! B+ViB+6! 9, $05+90" 3! 05.9Q"5!
9+J+9#0-10,5!"+9118"5N#9"=! ; , $805+#$S0IRGS!+884%$8105. 9Q8! , 813435 * $0!19+J+9#0-184&"8!0, 19, $05+90" 3!
358N "58:! 5 , $805+#B0IR] SI% - +5+$0" 8101710, 0+6105.9Q!N, 6. B*19+J+940-148!$, 8B +66"5101+$!01 " 10, 0+6!
9,BB,3#-IN,6.B"!,$!I"+911+59:1 ; , $805+#$0RNSHEI1 ™19, BB, 3#0-136, ?10+6+$9"19, $805+#$0)! 2 1491!
+68,1°$8.5"8101"104B *6-13 "GN "5-=!!

PIR Ssesd! Ko D TwewlSsesueudfuCuM™ ) SkesxcJPLiM'V (1)
S.t.

0<X,<gqs Vses (2
SicuY v < X, VsESSWEW  (3)
Sses ucuPOny#M™ W Speqe N #M™! X54 &MiMm4 =z #['

v AW HZ fw" — 17, if n =4#o,, t}"
aeA:nﬁanka#W. - SaEA:né:ana#W. = \vk#W.61 - Zk#W.7» if n= 6dk: tz7
0, otherwise

S

VkeK,neN,wew (5)

3.2 Model variants

4+8"3!,$01"IB,3"6!0,5B . 6+0, $HS0L"1>"90¢, $IG-T)! 2" 101" $135,N¢3" 1B, 3"6IN+5¢+$08101+01+99 , . $0!
@,5!3400"5" S0, I "5+0¢, $+613+00"5$8-1Z , 51Z (UIFI> ; 7) 196N " $101 " 10+90101+01 " +9119, BB , 3#0-180+-8! , $!
+UBEX "1 814IB 0! J+01)! 27! BH$0+H$! 37948#, ! N+5#+06"8! K1 O, #M " as $, 35 %+0N" integer
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variables +$3!L, #M" € {0,1}10.0191+$% "IN, ,#M " 10, 1+10#$+5-IN+54+06" IB " +$#$%! 2101 "51814I B * $0!
,019, BB, 3#0-1C12#66105+N *58" 145915 #$!13* B+$3!89 " $+54, IM=IE1" 1§, 5B . 6+0# , $148! . J3+0* 310, IRTS! !
RGS!J6. 8IRTYSI+$3IRNYS)I 2175719, $85+#$0IR] YS! +$3IRMYS! +3L. 80102 7105. 9Q! 9+J+9#0-19, $805+4$0! +$3!
9,BB, 3#0-106, ?10+6+$9"19, $805+#$015"8J " 90N *6-10-19 , $8#3 *56$%!+!_ $#X . "1814IB " $01J+0114, 5!" +91!
9,BB, 3#-!

Sses uevY W' = Spegvidw'F, H#w" VaeAM ,wew (4')

ZAw" — 1,if n=H#o,,t;"
aeA:n§=ana#W. - SaeA:néanka#W. =\1-Z,#w",if n=6d, tz7
0, otherwise

S

VkeKX,neN,wew (5)

Z,51<>)I 2715451 +105.9Q"5!10, ! +! 354N *5P05+90, 51 J+#5)!10, ! 214911 2 "1 9+$! +884%$! 01°! 1+ 658! 2#01!
34005 0! 1+.685%' 8#&"8-1 EL1"! 0157 "I 3"9#8#,$! N+58+06"8! Kh O, #M™ 14$3! N, #M™ 1079, B!
$, 55 %N " IN+58+06"8! S, 2=1K;157 358" $08!$. BO*5! , (! 354N *5P05+90, 51 J+#58!9, $05+90* 310, 18 "5N#9 ™!
5710, #M 157 J578°$08!$. BO 5!, (11+.658! 24011848 " 1Al _8"3!@,5!9, BB, 3#0-!C!#$!189" $+5#, IM=1g , 0"!
01+01,$"!,0101°18.08954J08! , B'OIN+54+06"81+5"! . J3+0" 315, B!8*5N#9* 14$3V!; 10,19, BB, 3#0-1#$3"V!
C)!84$9"11+.6"58!$, 2180+-12401105"#%101#$80" +3!, (1 354N " 58!+$3105+90, 58-IN,.,, #M " 1§$3#9+0"8!$ . BO"5!
,0'1+.6%58!240119, BB, 3#0-!C105+N *584$%! +59!514$189 " $+5¢, IM=! [_"1Q" "JIL, #M " 1+8101"18+B "=

E1"1.J3+0"3!B,3%6!0,5B . 6+0#, $! #8! %#N"$! O-!RTYYSI FIRAYYS-TEL"! , OL" 904N "1 0. $90%, SIRTYYS! 4810, !
BistB#&"101"18. B!, [10,0+6'9, $05+90* 319, 80! , @! 354N "5P05+90, 5! J+£58!+8! 2 "66! +8101 " 10, 0+6! "VJ " 90" 3!
9,80!,0"1+.6"515"$0+68+$319, BB, 3#0-!, .08, . 59#$%! #0115 %+53810, 1. $9"50+4$!3* B+$38-!; , $805+$0!
RIYYS! *$8.5"81 011 9,$05+90"3! $.B0O"5! , (! 35¢N"5P05+90,5! J+#58! 3, *8! $,0! "V9*"3!(01*! B+ViB+6!
9, $05+90*3! 05.9Q"5! 9+J+9#0-! §,5! "+91! 8"5N#9"=! ; , $85+#$H0! RGYYS! +884%$8! 1+.658! , (! 3#3E"5" $0!
9+J+9#0-! 8#&"8! 0,! 9,$05+90"3! 05.9Q"58-! ; ,$85+B0! RPYYS! %.+5+$0"*8! "+91! 9,BB, 3#-! #8!
+99, BB, 3+0"3!#$0, ! 1+.6"58! 2#01!*$, . %1IN,6. B*19+J+9#0-=! ; , $805+#$0IRMYYSI#8101°19, BB, 3#0-!
16, 210+6+$9"19, $805+4$0)! 214911468, 1" $8.5"8101 " 104B "6-13 " 64N "5-=!

PR SSESJ!KS ) TyewUSkekuevCinY kW™ ) Skexdi LMV @
S.t.

0 < X, < xMmax vses (2
SkEKFka#W. < SSESaKS Yace c/qM,W eEW (3”)
S,ctAQL HM" W v #w" 61 — Z, #w"T! VsESSWEW #[""

_SuEfKqu#M .' if n= #Ok' tlec.
aeA:nﬁanka#W. - SaEA:né:ana#W. =\ Sue?(yku#M.' if n= 6dk' tz7
0, otherwise

S

vkeX,neN,wew (5")
[ 71+68,!19,$843"5! B, 3"6!N+5+3$08!
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4 Results and Discussion

:$1014818*90¢, $)! 271358 $0101"19, BJ . 0+0¢, $+61578..608! _ 855%! 01" 3+0+! 3*5#N* 3145, B! +! 5" +6P6#0" !
+.0, B, 0N"13"64N"5-19+8" B$I1 ">, 01" +80"5$IU>F=IF11-J"59, $$"90* 315"6+-11. 01$"0?,5Q18!.8" 3!
0,51 05+$8J, 50+0¢, $! 24011 Tc! 1.08! +$3! /Nl +598)! +8! #66. 805+0* 3! #$! Z#% _5"1 T=! /7,801 , 0! 1.08! +5"!
590759, $$790310, ! B.60£J6" ! +3L+9"$01 1. 08)! +$3! *+911 +501#81 3" 8#%$*310,1+99, BB, 3+0"! 05+
- $9"50+£$0-124011+15, 0 . 80+59105+N *610¢B "1, 01+JJ5, VEB+"NAI1 L 58:=IE1481" $8.5"8101+01"N"5-181 , 50
1+.6105.9Q"519+$!19, BJ6"0"1+15, . $3105¢! , $! "+91! +50! +$315%0.5$10, 13, B#9#6"1 24014$! 01! 3+#6-!
B+ViB+6! 35:Ni$%! 24$3, 21,01 TT1, .58)! +8! B+$3+0"3! 0-! 01" U>F! §"3"5+6! 1, .5P, GP8"5N49"!
5*0.6+04, $8:1 E1"13" B+$3!8+BJ6"19, $8£3"5" 31 #$! 01¢8! +$+6-848! 8J+$8! 85, B! "+$. +5-1 T) IHIH)! 0, !
"+$.45-1 T])! IHIH)! +$319, $84808! , 0! +1 0,0+6! ,@! TG)cHG! ,535" 3! N*1#96"8:! g, 0+06-)! c]=ch! , §!
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Tab 4:C a fa ¢ c ca c
Consistent patterns w Da
KPIs \ Hauling capacity F I Va F I Va

T ac ac gl ( ) 12,444 12,348 13,500 13,620
A a 9,286 10,562 9,456 11,045
A a 9,286 10,562 9,456 110,45
A a 0% 0% 0% 0%
T a 422,985 418,253 357,840 355,152

Service network design on the time-space network

Figure 2: open services of model designs with weekly consistency (left) vs. daily consistency (right)
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5 Conclusion
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