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Abstract

To address experience-dependent routing, redundant walking, and local backtracking in small e-
commerce warehouses, this study develops a single-order routing method combining the nearest-
neighbor heuristic with 2-opt local search from the perspective of logistics engineering and indus-
trial engineering method improvement. Under an ideal grid assumption allowing continuous row-
wise and column-wise travel, the warehouse is represented as a weighted graph and formulated as
a traveling salesman problem using Manhattan distances. A fixed row-column sequence serves as
the baseline, and complete enumeration provides the optimal benchmark. For a 6 x 10 layout with
30 products and 100 weighted random orders, the total distances of the baseline, nearest-neighbor,
and nearest-neighbor-2-opt methods are 2132, 2026, and 1920 grid-distance units, respectively.
The latter two methods reduce distance by 4.97% and 9.94%, while the nearest-neighbor-2-opt re-
sult is 0.52% above the enumerated optimum of 1910. Analyses of different order scales and ten
random seeds support stability within the simulated scenarios. Algorithm pseudocode, prototype
implementation proposals using Excel VBA and Python, and practical steps for data preparation,
staffing, pilot operation, and performance acceptance are also provided. The method offers a refer-
ence for standardized picking routes and logistics systems improvement, while adaptation to actual
aisles, labor-time benefits, and deployment costs require field validation.
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Figure 1. Warehouse storage layout and product distribution

1. CEBLTRSEmNH

Table 1. Product storage coordinates and preset outbound-frequency weights

= 1. BRI RARS HEESURIRE

LR ke fEhrAER H AR LR ke b A ER H SR
Al (1,1 100 Al6 3, 4) 40
A2 (1,2) 95 Al7 4,2) 38
A3 @, 1) 90 Al8 G, 1) 36
A4 (1,3) 85 Al19 (1,7 34
AS 2,2) 80 A20 (2, 6) 32
A6 3, 1) 75 A21 3,5) 30
A7 (1,4) 70 A22 4,3) 28
A8 2,3) 65 A23 (5,2) 26
A9 3,2) 60 A24 6, 1) 24
A10 (1,5) 55 A25 3, 6) 22
All 2,4) 50 A26 (4, 6) 20
Al2 (3,3) 48 A27 (,5) 18
Al3 @1 46 A28 (5, 8) 16
Al4 (1,6) 44 A29 (6, 8) 14
Al5 2,5) 42 A30 (6, 10) 10
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Table 2. Sample of simulated orders (First 10 Orders)
2. RELTRMEA®T 10 %K)
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10

A20, A18, A6, A3, All
All, A5, Al
A5, A20, Al13, A12, A19
Al, A25
Al18, Al4, Al3, A6
A26, A27, Al4, A3
A6, A7, A30
Al5, Al, A23, A3
A10, A19, A4
A19, A2, A12, A4, A3, A23

Table 3. Definitions of main symbols
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Fixed: 32 Nearest neighbor: 24 NN + 2-opt: 22
(O 0140 0 1
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21 2 A 21
3
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Figure 2. Comparison of picking route sequences for order 6

B 2. 8 6 FITRBEIEIREFXTEE

Table 4. Overall comparison of different routing schemes

F 4. TRBEARBMEERIEE

BETTR BIRERE R SPISIT BB B FEXT AR TR BRALZRE
[i5] 52 47 51 L B A% 2132 21.32 — 11.62%
BRI AL RAT 2026 20.26 4.97% 6.07%
I 4R-2-opt B 1% 1920 19.20 9.94% 0.52%
Mo AR 1910 19.10 10.41% 0.00%
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J7 IS FE BT LL LI 30 SO B B R U — A R R S AL, AN ELRER R OK B A3 B

MEAREE RE, Bl AR S8 I AR T B B 0 2 AU B S A AT B, R ek ] 5 A=
AR 3 5647 3 2-opt R HBIR R N — DB IE Sl AR WA B A% P A R AN A BRI 3, (B4R IR B 4k 4 T RE o
FH 4 R 0 o AR T N PR AT, 5 2R BR AR 7 RIS R AT B PR B 8 2 B — e IR 48, Rk A%
Y7 1 G PR PT S 2s (AR R A PR o 7E & 07 8 R F AR RS AT JR AT AR B ISR IE R, SRR g 2 R %
S FERUE T LT B SR U T, AR LA E AR

Total picking distance

2500

2132

2026

2000 A

=

u

o

o
1

-

o

o

o
1

Total distance

500 A

0 -

Fixed NN NN+2opt Optimal

Figure 3. Comparison of total picking distances among different routing schemes
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Table 5. Comparison of heuristic algorithms and the enumerated optimum

5 BRABESHERMERLE

HeE T H BRI BiE4R-2-opt BRI
ARIERE R 2026 1920 1910
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FAR e 2 BE 6.07% 0.52% 0.00%
LB AT R R — 95 100

BRI AR FIR ) B BR B AR B AR AIAEAE 6.07% I Z25R, AT 2-opt JREBESCHE G, AR et 22 FR e 22
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Table 6. Robustness analysis under different order scales

6. TENTRMETHREM S
R TRE SRR BRI BES  BLP-2-opt MERIML BIZFMALE% 2-opt HALE/Y%

ER 1 50 2~4 852 838 818 818 1.64 3.99
5t 2 100 2~6 2132 2026 1920 1910 4.97 9.94
5t 3 200 3~8 5174 4652 4296 4242 10.09 16.97

4.5. SFEHFHFEEME SR

HL—BEALFR 7T RE AR A A T A AR . N PR AR E T, E 10 ABENLR T
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Table 7. Results of multi-random-seed sensitivity analysis

= 7. SHENMTFHRMESTER

BETR PR PR RHEE FEENEERAR PRI ZERE
Ii5] 7€ 47 510 5 R A% 2062.60 66.74 — 11.88%
AT AR AR 1942.80 54.46 5.79% 5.38%
I 4R-2-opt 1% 1850.80 44.04 10.24% 0.40%
Mo gz 1843.40 44.22 10.61% 0.00%

10 ZABEHLIT Ssegarh, Bl SBEAR BT AN FEHER AL N 5.79%, BT 4B-2-opt #E— PR EE
10.24%; J 2 50 S A 2 18] H T R0 Z2BRAN 0.40%. fe il 4B-2-opt S B B IFRHETE Ty 44.04, 5
MO R TT SR 44.22 I, FHRTREUEAT FIBF AL 8007 5o EIREIRIRY], 5250 h O 21 i B 2
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A RCR ARt B — BT SRS B, AEARNT LG T, Sl 4h-2-opt VIHENS PR FFEUR € HAT RS
BRI SR AR o B

LRE LRI R RAU IR AT BN 2 BEHLA 525 10T DA Y, IE48-2-opt FEASCIRGE [
NS N TR G e vh B BOARS E I B B A R o AR 3 32 BRI AE R F 147 B0 ) 48 R A8 1E Bl 4R %
AR ESAT, R BUR B 7 RANEL R S R RIS A SR A I B AR 2R

5. i
5.1. BiE4B-2-Opt 75 3RA0BuHHNH]

TSI SE R, Bl A0 SR RS TE [ 52 4T F DU IR A At b PR ARAAOE B B, it — 2P 5N 2-opt S
HERE, BRERERIFESCEE. B@ETsT. B8RRI 48-2-opt =R 77 RIS FRIEEE & 508
2132, 2026 1 1920, #HITAE-2-opt FHXTTHAME T ZHIALRIER] 9.94%, FEAEHITAT L REEM LiE—
WD) 5.23% MR ARIE S . MBI B PEES 1910 AHEL, HAEX &AM ZEFELCN 0.52%, H 100 %
T 95 SRk B BT B 2SI LR S

R g R SRR R TR SR IR A K. B AR SRR — DA S e R B 2 A B R R
Vil A, BRSO W — R AT — e S AL IR IR A2, (B R S A T R 5 BUS 8205 )i
P AN B (47 R B K 2 . 2-opt MIFE ST AR W R B A2 5 Atk b B BT A 2 R i e e R, @l B
He 053 AR AE AR R BE p R S R, B BR R SRAT . B, FEASCNBIT g b,
B B oK i 7 SBE R A T Bl A0 SRR U M IE W UG B AR AR 5, BT 2-opt £ T BRI & .

ANFIVT BRI () SR80 3 — 20 TR, FEAR ST B ) = /MT A 50, Sl 40-2-opt AH T [ 47 51 i
777 R RACE D HIN 3.99% 9.94%F1 16.97%. T =AM 5t 10T S8 A LT B i BRI i R A
A, AR R S AR R T, WA R G, BEE T A SR ARER e, AU
Iy 2 30 R R T i R A ). SR ERS, 10 AN FEBEALR SRt g, i Al-2-opt PRI E N
10.24%, ~“FIJMXT AR ZELCN 0.40%, 68 32 5256 45 It s — 1T AR ARG i, B — &R
M.

5.2. ENESENTRESESEEREN

KA T B, TEIRR “HHERA - BB - BN - AT - RBMEIE” 1
TAERE . EUUEIE R —EXRIZTT, DIEA R, TSR A G IKE LB LR, HRED
BORRE R BN CHE RS NN TR, AR B 58 sl 38 sl Sell Ui as .«

5.2.1. EREIESHEZELN

AR, ERANT AN . fE AR AT SKUL gl 4740, J8 RS RIS B
A 1T RBIANRAICSRAT 5 . SKU B, JFIREEBCRAI TR IUZXT, kit e RS R L E. &
NI BB AEAL . B AT ALE, IR AN T . M THRITIEX, NAh7EEE s A
5B, DLATAT I S A O AR B B s PR DA TE A B AR R R B S BE LR AR IR DY
ZHIH o

NETH 59 VBA B Python, 4t — R s tE 10 H IXEGESEIL, WAL 1. Sl ARk BlLABE &S, AT
T B FIR g S KRR BE ;s 2-opt B BUEDE L 5, WNBIRATHIR F1, I8 B E AR A R ER AR 10
AL RN SO IR R A . OV T U B R AR S, S S R B G — BN R L AT A BRI
AR AR I AR, 3E G S D22 S B L 45 R L
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Algorithm 1. Nearest-neighbor and 2-opt pseudocode for a prototype
B REARGHRIANS 2-opt AL

A THRRS T AES Q, AN O, MRS D: fith: HAGHMEP RKEL
1 U—Q; P—J[O]; v-O
2 while U JE7:
3 u— U HfliDlv,ul, 175, 415, )7 8 F RN s
FHulBnEP: MUMBRu veu
¥ OBMEP; n—|Q|
repeat:
improved « false
i=1,...,n-1, j=i+1,....n KIGFEHIHE:
#Hi=1Hj=n, BI@KWLILA 0)
10 A «— D[P[i—1],P[j]] + D[P[i],P[j+1]]
— D[P[i~1],P[i]] — D[P[j],P[j+1]]
11 # A<0: ¥ P[ij+1]; improved « true; B HANES X E 4
12 until improved = false
13L « X(t=0,...,n) D[P[t],P[t+1]]; iR[EI P AL
e PRAMM O FFHEM RS, Plg+11EES 1 25 ) Bl SREE SRR G WK ERY, (NFLRMN%D: H
BRHES 55 72 4% B B SR AT DRAEZS AL, (EANBE ORAE 42 R B e o SEBRER 5K F ¥ s B0 ] 5 B 5 L 2 B R DG TR RO BB 5 2%

O 0 9 N N b

5.2.2. Excel VBA 5 Python [RE!3E3E

KH Excel VBA B, WJ#E “fffhi” “iTH” “BRAELER” “REHE” UK TIELR. HERANR
GG B Al 2-opt FIEE RIS, K EEE — IR AB G SR S B R SR, BEREI  X
VTR R ICHS o BRAE ORI S E T B S S AR, TS TS . SKU. #E . fEfL. o
BRSNS BE RS, FTENFR IR ¥, %7 RIE A O 4 Excel MMM ZET N RAIEX, HEMEHE R
FEREAE TN R LA

KA Python B, AJ FARAEE csv BEHUPR TR ILAZR, A MARAT SKU 5607 . FIRLRAFREAZ,
R 1 BRI I, 2-opt MR RE. HIARLaTAATIEAT K - R - BHRE -5
HCSV” , PR BN fa e A, 45 R v Excel 17T, ASATESS — M BOE R B0 E s B H 301k
Bt BARNRTEEMA, IRV A, CHEEMERAE, BERRATENTR, BFESRE LK
L o

AT AR 2 TR EIT REGIE SR B B L A S L REERS MBS KA, JEFIA 2-opt
ZERAK T H BT AYIME 4 NI R DM AR R IR B T 5. 28 6 25T HL) 32, 24 A 22 7]
T 5pZnt, Hap] S B Reiirmgm. FEMS5% 47 MILSEA 8, N ERIGIT
FLL A ST A AN, AN A DT PG B Y R R T R

523. ARERBESABITRH

PAB—PEX . HHAS SKUL B il 5 T 3 AT R SRR RONRTIE, nI 1 BeEMRTTA. 1 4
H 4% VBA 5 Python SEREMIEAR N AR 1~2 £k RS 5. 7ot NIZR G 5@ IFHle e s,
RN G TTREF A G MYES, TRk 57 7 ST DU 2R T ATV R S it 4% (0 AT S B

BT 1~2 DM TAEHH T a8 mE e, 2~3 N TEHH TR RMFEGIRIE, KA
FEAEREI, FE2eHE 3~5 MEMLHBEHAT BT, BANZ 12 H. FRAESS R RIS E, A=

-
SE
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S T B MO BN, ASERTERSRETE. HRsdEsik. &k D eimE &, M
EIFAEEAN . WHETQREF L. B BIRG SL4Ed TR, AHE AL BUE A s RE 5
LN A o

5.2.4. WiierR SR Bu#
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DA B B IR U . 12V RIS B N AT SRR &, 5 A TREFFF[17] [18] 1 VE siAH — 8.

FRUCK i A W SR L R LR AT IE AT RIS OGRS R AT s 7R ZE SR AN i LS s a8 4
AR, 20 KGR .. 5L E R K, NS, EMERUNT &L,
JE BB R A ANUMAAT « 157 NG BB R, R B A B R 82 J5 R I B B & K 5 1 B AR
FHOR B T B 1 SR A HRaE .

TR TR R — BNV o AAEREA VI — AR B B A0 REAH [F) SE PR BE s ~F347 3 v (2% A
T, 100 % F 526 1T B A 34T B I A AT 4l 9(2132~1920) s/v, Bl 212 s/v; ZEASER. HEME
LI ] DRI 9.94% 2 1 BLAT A FR B8 203t %, ANRE ELBEVE N T . N R mii s TRA i FRE Ll sk
PRS2SR N BB BE 4E 3 . B IR IR 5 B VPA

53. BRAASHRER

S SR S5 SRR W I AR -2-0pt TIEEA S E I/ IS & P b B B B AR DUALRCR (B0t
TGS RS 32 B SLIG 2% A AR AL (B e AR R A o

TG, AT R OE RS R A AL BT A R 1 AR A SR AR T B R
R SEIG RERE T T ELBOAS R AR T RAE G — 26 AF N BARR R I, (T A EU AN RE BL IS5 [F) T — &
Pt PE RS AR B BT 201 o 5 St TUAT 6 4 5 ST L SEPR B RS AN B 73t 38 45 #y it AT i3t —
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R, SR S AR A SO AR RS G AT 26 1R T AR B B 5 U HES 1A SEAAR B SR AT T RERR BE584T
S 0 2 L 0 SO D 8 A I R 55 P A, b N SO G A R B . L ARRAE R TS
B RO AT A0 SE G SN T BE SO s LA Uy 5 o SR B e G 3 AR PR R, S R
THEL S B i) 58 AR B & FE 50, AN REHT XA 2-opt DUIA 22 A 5K

PR, ASCHE TN GO AT BN TR, B BT e, P RE U ZHIEMES IS
BRARIR AR A B Y RS, BRI AT RE R ZE ST Stk A S AR R L A ] vk
o BERTASCRRUA e B T ke se B B RO AL 1m0, 1T 7 B2 AE DU HE SR S Atk B3k — 09 g .

wJrs 2-opt A _EAJE TR R T AR AL AB-2-opt EA L ESERGH 100 2517 g 95 2%k
PN AR, Ha AR e U ZE BN, AHR AN R AR 27 I AE T AT JRy AT FRAIASE T 2R
PSRRI X TR AR . WIE M R R R RIS, A S D L
FRBiE . WO BB K R & BEBOR RIS VAR SR I AT SR T MR B . Bk, A
VPO 0T AR, MORTT R SR R GBI IS AT I 8] SN P SR SN A & e BT S Bl
REFFIRA SAsAT IR, TT ] S HLA P RE & A7 1K 56
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PR o K N VRIS i B 2 3t 7 i, DA AR B A A PR S R, AR [ 0 AT H1 L A%
Semti b, SR BGE AR SIE A IG5 42, T 2-opt JR A8 2 — D R S U5 WU . [RIEE, R
BT SRR (RS RIS RS B RO, T TV 3 R X R SR A o 2

PIESEIR A5 IR L], fE 6 x 10 fhrAf /R 30 M S A 100 S MACEENLIT 5264 R, [EE AT ZUNT |
T A1 AR AT AT -2-opt = Fd 77 ZE 0 M R BE B 20 il 21324 2026 AT 1920 et 417 S Mx T JE v R A2 0k
> 4.97%, FEAR-2-opt 7T ZHIAL RIS IRE A 9.94%; SHERETEE 1910 ML, HiE4E-2-opt
(AR B AL ZEBEAY Y 0.52%, H. 100 21T S 95 FRik BT BB f L BE B o AN [FILT B AUASE AN 22 B AL
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MR TAEN A, A Sk — 228 it A8-2-opt £AAXA5S & Excel VBA. Python B2k JF A 7 %,
HHEHEARAZES . A T RIBITHZ IR IBCE IR, KAk 5 /N6 PE B ARAEVE I A5 B AR A7 422
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