United States Patent

US007532947B2

(12) (10) Patent No.: US 7,532,947 B2
Waddington et al. 45) Date of Patent: May 12, 2009
(54) METHOD AND SYSTEM FOR ORDER 4,656,591 A 4/1987 Goldberg
FULFILLMENT IN A DISTRIBUTION 4799.156 A 1/1989 Shavit et al.
CENTER
(76) Inventors: William Henry Waddington, 721 Baffin
St., Foster City, CA (US) 94404, (Continued)
Patricia C. Grewell, 625 Nevada Ave.,
San Mateo, CA (US) 94402; Peter Ham, FOREIGN PATENT DOCUMENTS
250 Walter Hays Dr., Palo Alto, CA (US)
94303; Boris Klots, 1566 Winding Way, FR 2696722 4/1994
Belmont, CA (US) 94022
(*) Notice: Subject to any disclaimer, the term of this )
patent is extended or adjusted under 35 (Continued)
US.C.154(b) by 0 days. OTHER PUBLICATIONS
(21)  Appl. No.: 11/356,870 Fielding et al., “Hypertext Transfer Protocol—HTTP/1.1, RFC
(22) Filed Feb. 18. 2006 26167, Network Working Group, Jun. 1999, pp. 1-90.
iled: eb. 18,
(Continued)
(65) Prior Publication Data
Primary Examiner—Patrick Mackey
US 2006/0142895 Al Jun. 29, 2006 Assistant Examiner—Michael E. Butler
Related U.S. Application Data (57) ABSTRACT
(63) Continuation of application No. 09/568,571, filed on
May 10, 2000, now Pat. No. 7,139,637.
(60) Provisional application No. 60/133,646, filed on May Order allocation techniques that reduce the number of stops
11, 1999. that a container makes in the process of fulfilling a customer
order is disclosed. In one embodiment, this is accomplished
(51) Int.CL by first identifying a pod that stocks the largest number of
GO7F 7/00 (2006.01) different items in a customer order. Then, a second pod is
52) US.CL oo 700/216  identified that stocks the largest number of remaining items in
(52) 2 g
(58) Field of Classification Search .................. 700/216  thecustomer order. Ultimately, all items in the customer order
See application file for complete search history. are assigned a pod. The collection of pods defines a container
. path through a distribution center. In one embodiment, the
(56) References Cited techniques include retrieving an item identified. with the

U.S. PATENT DOCUMENTS

2,781,643 A 2/1957 Fairweather
3,406,532 A 10/1968 Rownd et al.
3,670,867 A 6/1972 Traube

4,213,310 A 7/1980 Buss

4,455,453 A 6/1984 Parasekvakos et al.

LOCATION(S) FOR
THE NON-EXPIRY
ORDER ITEM

CHOOSE
LOCATION
HAVING THE
FEWEST UNITS

INTHE POD, IDENTIFY THE
LOCATION(S) STOCKING THE
NE

INVENTORY UNITS

ALLOCATE UNITS OUT

THE QUANTITY REQUIRED BY
THE ORDER SATISFIED IN THE
CHOSEN LOCATION?

retrieval being dependent on an expiration time associated
with the item. In another embodiment. the techniques include
using information from a handheld computing device via a
wireless interface regarding movement of items in the distri-
bution center.

23 Claims, 6 Drawing Sheets

ONEST EXPIRING

RITE]
OF SELECTED
LOCATION




US 7,532,947 B2

Page 2
U.S. PATENT DOCUMENTS 6,083,279 A 7/2000 Cuomo et al.
6,085,170 A 7/2000 Tsukuda
4,823,984 A 4/1989 Ficken 6,088,648 A 7/2000 Shah et al.
4,887,208 A 12/1989 Schneider et al. 6,101,481 A 82000 Miller
4,936,738 A 6/1990 Brennan 6,101,486 A 8/2000 Roberts et al.
5,038,283 A 8/1991 Caveney 6,140,922 A 10/2000 Kakou
5,093,794 A 3/1992 Howie et al. 6,157,945 A 12/2000 Balma et al.
5,105,627 A 4/1992 Kurita 6,167,380 A 12/2000 Kennedy et al.
5,113,349 A 5/1992 Nakamura et al. 6,167,382 A 12/2000 Sparks et al.
5,122,959 A 6/1992 Nathanson et al. 6,178,510 Bl 1/2001 O’Conner et al.
5,235,819 A 8/1993 Bruce 6,182,053 Bl 1/2001 Rauber et al.
5,237,158 A 8/1993 Kern etal. 6,185,625 Bl 2/2001 Tso etal.
5,246,332 A 9/1993  Bernard 6,208,908 B1* 3/2001 Boydetal. ............... 700/216
5,265,006 A 11/1993  Asthana 6,215,952 Bl 4/2001 Yoshio et al.
5,272,638 A 12/1993 Martin et al. 6,233,543 Bl 5/2001 Butts et al.
5,273,392 A 12/1993 Bernard et al. .............. 414/807 6,236,974 Bl 5/2001 Kolawa et al.
5,322,406 A 6/1994 Pippin et al. 6,249,773 Bl 6/2001 Allard
5,363,310 A 11/1994 Haj-Ali-Ahmadi et al. 6,249,801 Bl 6/2001 Zisapel et al.
5,395,206 A 3/1995 Cerny, Jr. w.cceeeeveenannnn. 414/807 6,260,024 Bl 7/2001 Shkedy
5,428,546 A 6/1995 Shah et al. 6,275,812 Bl 82001 Hagqetal.
5450317 A 9/1995 Lu et al. 6,289,260 B1* 9/2001 Bradleyetal. .............. 700/216
5,479,530 A 12/1995 Nairetal. 6,289,370 Bl 9/2001 Panarello et al.
5,533,361 A 7/1996 Halpern 6,292,784 Bl 9/2001 Martin et al.
5,548,518 A 8/1996 Dietrich et al. 6,317,648 B1* 11/2001 Sleepetal. .....ccocon...... 700/216
5568393 A 10/1996 Ando et al. 6,324,520 Bl 11/2001 Walker et al.
5,593,269 A 1/1997 Bernard 6,332,334 Bl  12/2001 Faryabi
5,615,121 A 3/1997 Babayev et al. 6,341,269 Bl 1/2002 Dulaney et al.
5,664,110 A 9/1997 Green et al. 6,343,275 Bl 1/2002 Wong
5,666,493 A 9/1997 Wojcik et al. ....cceeeeeeeet 705/26 6,397,246 Bl 5/2002 Wolfe
5,694,551 A 12/1997 Doyle et al. 6,405,173 Bl 6/2002 Honarvar et al.
5,710,887 A 1/1998 Chelliah et al. 6,424,947 Bl 7/2002 Tsuria et al.
5,712,989 A 1/1998 Johnson et al. 6,445,976 Bl 9/2002 Ostro
5758313 A 5/1998 Shah et al. 6,453,306 Bl 9/2002 Quelene
5,758328 A 5/1998  Giovannoli 6,463,345 Bl  10/2002 Peachey-Kountz et al.
5,761,673 A 6/1998 Bookman et al. 6,463,420 Bl 10/2002 Guidice et al.
5,768,139 A 6/1998 Pippin et al. 6,484,150 Bl  11/2002 Blinn et al.
H1743 H 8/1998 Graves et al. 6,490,567 Bl  12/2002 Gregory
5,809,479 A 9/1998 Martin et al. 6,496,205 Bl  12/2002 White et al.
5,826,242 A 10/1998 Montulli 6,505,093 Bl  1/2003 Thatcher et al.
5,826,825 A 10/1998 Gabriet 6,505,171 Bl  1/2003 Cohen et al.
5,831,860 A 11/1998 Foladare et al. 6,526,392 Bl 2/2003 Dietrich et al.
5,832,457 A 11/1998 Cherney 6,530,518 B1  3/2003 Krichilsky et al.
5,834,753 A 11/1998 Danielson et al. 6,549,891 Bl 4/2003 Rauber et al.
5835914 A 11/1998 Brim 6,567,786 Bl  5/2003 Bibelnieks et al.
5,839,117 A 11/1998 Cameron et al. 6,571,213 Bl 5/2003 Altendahl et al.
5,848,395 A 12/1998 Edgar et al. 6,578,005 Bl  6/2003 Lesaint et al.
5,878,401 A 3/1999 Joseph 6,594,692 Bl 7/2003 Reisman
5,880,443 A 3/1999 McDonald et al. 6,598,027 Bl 7/2003 Breen, Jr.
5,884,216 A 3/1999 Shah et al. 6,622,127 Bl 9/2003 Klots et al.
5,893,076 A 4/1999 Hafhner et al. 6,654,726 Bl  11/2003 Hanzek
5,894,554 A 4/1999 Lowery etal. 6,697,064 Bl 2/2004 Dodrill et al.
5,897,622 A 4/1999 Blinn et al. 6,741,995 Bl 5/2004 Chen et al.
5,897,629 A 4/1999  Shinagawa et al. 6,748,418 Bl  6/2004 Yoshida et al.
5,899,088 A 5/1999  Purdum 6,763,496 Bl  7/2004 Hennings et al.
5,910,896 A 6/1999 Hahn-Carlson 6,792,459 B2  9/2004 Elnozahy et al.
5918213 A 6/1999 Bernard et al. 6,862,572 Bl 3/2005 de Sylva
5,943,652 A 8/1999 Sisley et al. 6,879,965 B2 4/2005 Fung et al.
5,943,841 A 8/1999 Wunscher 6,904,455 Bl 6/2005 Yen
5,956,709 A 9/1999 Xue 6,970,837 Bl 11/2005 Walker et al.
5,961,601 A 10/1999 Iyengar 6,980,962 Bl  12/2005 Arganbright et al.
5,963,919 A 10/1999 Brinkley et al. 6,990,460 B2 1/2006 Parkinson
5,974,401 A 10/1999 Enomoto et al. 7,028,187 Bl 4/2006 Rosen
5,979,757 A 11/1999 Tracy et al. 7,035914 Bl 4/2006 Payne etal.
5,983,200 A 11/1999 Slotznick 7,040,541 B2 5/2006 Swartz et al.
5,991,739 A 11/1999 Cupps et al. 7,085,729 Bl 8/2006 Kennedy et al.
6,021,392 A 2/2000 Lesteretal. ........ccooeee..n. 705/2 7,177,825 Bl 2/2007 Borders et al.
6,023,683 A 2/2000 Johnson et al. 7,197,547 Bl 3/2007 Miller et al.
6,026,378 A 2/2000 Onozaki 7,222,161 B2 5/2007 Yen et al.
6,058417 A 5/2000 Hess et al. 7233914 Bl 6/2007 Wijaya et al.
6,061,607 A 5/2000 Bradley et al. 7,240,283 Bl 7/2007 Narashimha et al.
6,070,147 A 5/2000 Harms et al. 7,251,612 Bl 7/2007 Parker et al.
6,073,108 A 6/2000 Peterson 7,308,423 Bl  12/2007 Woodward et al.
6,081,789 A 6/2000 Purcell 2001/0013007 Al 82001 Tsukuda



US 7,532,947 B2
Page 3

2001/0037229 Al
2001/0042021 Al
2001/0047285 Al
2001/0047310 Al
2001/0049619 Al
2001/0049672 Al
2002/0004766 Al
2002/0007299 Al
2002/0010633 Al
2002/0013950 Al
2002/0038224 Al
2002/0038261 Al
2002/0049853 Al
2002/0050526 Al
2002/0065700 Al
2002/0072994 Al
2002/0188530 Al
2003/0045340 Al
2003/0065565 Al
2003/0079227 Al
2003/0233190 Al
2004/0107125 Al
2004/0236635 Al
2005/0027580 Al
2005/0144641 Al
2005/0261985 Al
2006/0085250 Al
2007/0016463 Al
2007/0162353 Al
2007/1074144

2007/0055580 Al
2007/0112647 Al
2007/0136149 Al
2007/0250572 Al
2008/0015959 Al

11/2001 Jacobs et al.
11/2001 Matsuo et al.
11/2001 Borders et al.
11/2001 Russell
12/2001 Powell et al.
12/2001 Moore
1/2002 White
1/2002 Florence
1/2002 Brotherson
1/2002 Tomsen
3/2002 Bhadra
3/2002 Kargman et al.
4/2002 Chu et al.
5/2002 Swartz et al.
5/2002 Powell et al.
6/2002 Mori et al.
12/2002 Wojcik et al.
3/2003 Roberts
4/2003 Wagner et al.
4/2003 Knowles et al.
12/2003 Jones
6/2004 Gubheen et al.
11/2004 Publicover
2/2005 Crici et al.
6/2005 Lewis
11/2005 Miller et al.
4/2006 Kantarjiev et al.
1/2007 Borders et al.
2/2007 Borders et al.
2/2007 Borders et al.
3/2007 Woodward et al.
5/2007 Borders et al.
6/2007 Woodward et al.
10/2007 Narashimha et al.
1/2008 Kruglikov et al.

FOREIGN PATENT DOCUMENTS

GB 2265032 A 9/1993

WO WO099/07121 2/1999

WO WO 99/09508 2/1999
OTHER PUBLICATIONS

“Peapod Interactive Grocery Shopping and Delivery Service Now
Delivers Via the Internet”, Press Release, peapod.com, Apr. 22, 1996,
pp. 1-2.

www.peapod.com, including introduction to Peapod; How Peapod
Works; Peapod: Choosing a Delivery Time; Peapod: Sending Your
Order; Retrieved from Internet Archive (web.archive.org) on Jul. 23,
2006, alleged date Nov. 13, 1996, pp. 1-9.

Hyten, Todd, “Stop & Shop mulls online grocery store”, Boston
Business Journal (Boston, MA, US), vol. 16, No. 6, p. 1, Mar. 22,
1996.

Norton, Tim R., “End-To-End Response-Time: Where to Measure?”,
Computer Measurement Group Conference Proceedings, CMG99
Session 423, Dec. 1999, pp. 1-9.

Pearce, Michael R. “From carts to clicks”, Ivey Business Quarterly,
v63nl, p. 69-71, Autumn 1998.

Worth Wren Jr, Fort Worth Star-Telegram Texas, “Albertson’s
Expects Online Grocery Shopping To Boom”, KRTBN Knight-Rid-
der Tribune Business News (Fort Worth Star-Telegram, Texas). Nov.
9, 1998.

Anon, Automatic ID News, “20/20 Results Achieved with Technol-
ogy Trio”, Sep. 1995, p. 19.

Anon, PC Foods, “Customer Service Agreement,” printed from
website: http://www.pcfoods.com, Abstract No. XP-002245026,
1999, pp. 1-2.

Amipindi et al., “Estimation of Consumer Demand with Stock-Out
Based Substitution: An Application to Vending Machine Product”,
Marketing Science, vol. 17, No. 4, 1998, pp. 406-423.

Fynes, Brian, et al, The Impact of Electronic Data Interchange on
Competitiveness in Retail Supply Chain, IBAR vol. 14 No. 2 pp. 16-2
1993.

Kawata, Hiroo, “Information Technology of Commercial Vehicles in
the Japanese Parcel Service Business,” Abstract No. XP-000560489,
1992, pp. 371-382.

Koster, Rene de, “Routing Orderpickers in a Warehouse: A Compari-
son Between Optimal and Heuristic Solutions,” ITE Transactions, vol.
30, No. 5, p. 469, May 1998.

Maloney, David, “The New Corer Drugstore”, May 1, 2000, Mod-
ern Materials Handling, vol. 55, No. 5, p. 58.

Sekita, Takashi, “The Physical Distribution Information Network in
the Home-Delivery Business,” Japan Computer Quarterly, Abstract
No. XP-00.431194, 1990, pp. 23-32.

Smith et al., “Management of Multi-Item Retail Inventory Systems
with Demand Substitution”, Operations Research, vol. 48, No. 1,
Jan.-Feb., pp. 50-64.

Towie, Henry, “On the Fast Track with Totaltracks: UPS Deploys
Mobile Date Service,” Abstract No. XP-000560076, Document
Delivery World, vol. 9, No. 3, 1993, pp. 30-31.

Van Den Berg, Jeroen, P, “A Literature Survey on Planning and
Control of Warehousing Systems”, IIE Transactions vol. 31, No. 3, p.
751, Aug. 1999.

Vass et al., “The World Wide Web—Everything you (n)ever wanted
to know about its server”, IEEE, Oct.-Nov. 1998, pp. 33-37.
Wilson, Joe, “Selecting Warehouse Management Software (WMS)
for Food Distribution Operations”, Frozen Food Digest, Oct. 1998,
vol. 14, No. 1, p. 18.

‘Wunnava et al., “Interactive Multimedia on the World Wide Web”,
IEEE, Aug. 1999, pp. 110-115.

U.S. Appl. No. 09/568,570, filed May 10, 2000.

U.S. Appl. No. 09/568,571, filed May 10, 2000.

U.S. Appl. No. 09/568,572, filed May 10, 2000.

U.S. Appl. No. 09/568,603, filed May 10, 2000.

U.S. Appl. No. 09/568,613, filed May 10, 2000.

U.S. Appl. No. 09/568,614, filed May 10, 2000.

U.S. Appl. No. 09/568,823, filed May 10, 2000.

U.S. Appl. No. 09/620,199, filed Jul. 20, 2000.

U.S. Appl. No. 09/750,385, filed Dec. 27, 2000.

U.S. Appl. No. 09/792,400, filed Feb. 22, 2001.

U.S. Appl. No. 09/813,235, filed Mar. 19, 2001.

Jaffe, Charles A. “Gas supplier takes timing seriously if deliveries are
late, the product is free,” The Morning Call, Allentown, PA, Feb. 5,
1989, pp. 1-4.

U.S. Appl. No. 11/818,010, filed Jun. 13, 2007.

U.S. Appl. No. 12/074,283, filed Mar. 3, 2008.

Parker, Rachel, “UPS Pioneers a cellular data network”, InfoWorld,
ABIINFORM Global, Jun. 8, 1992, p. S59-S60.

* cited by examiner



U.S. Patent May 12, 2009 Sheet 1 of 6 US 7,532,947 B2

101
T—103 '/_

Tote

) 105

|~ Conveyor

Milk
(SKU11) |— — —

Potatoes -
(SKU 12)

/

Mechanical
Pod

\J

| SKU) SKU
02 05
SKU
04
SKU SKU
01 03
SKU SKU
109 05 o~ 01
L 111 L
Carosel Carosel Carosel

FIGURE 1



U.S. Patent May 12, 2009 Sheet 2 of 6 US 7,532,947 B2

201

/
203 /

05
ALLOCATE

ORDER

v

INDUCT TOTE INTO 207
DISTRIBUTION
CENTER

Y
DIRECT TOTE
THROUGH ROUTE &
INSTRUCT PICKERS

Y

TOTE ARRIVES AT
SHIPPING SPUR

ORDER ARRIVES

209

211

! 213
TOTE IS LOADED

ONTO A DOLLEY

Y
LOAD ORDER ITEMS 215

ONTO TRUCKS

FIGURE 2



U.S. Patent May 12, 2009 Sheet 3 of 6 US 7,532,947 B2

205

-~ RECEIVE ORDER WITH 303
ENUMERATED ITEMS AND
QUANTITIES

Y

IDENTIFY INVENTORY THAT IS |-~
AVAILABLE FOR ALLOCATION
TO THE ORDER

305

y

SEARCH FOR THE POD THAT CAN |~

307

>  HANDLE THE MOST AS YET
311 UNALLOCATED ORDER ITEMS
ALLOCATE THE ,
ORDER ITEMS TO v 309
THE POD < ANY PODS FOUND?
LOCATED IN THE
SEARCH N
Y
IDENTIFY ANY PODS | . 313
THAT CAN
COLLECTIVELY
PROVIDE THE
REMAINING ORDER
ITEMS, IF ANY

FIGURE 3A



U.S. Patent May 12, 2009 Sheet 4 of 6 US 7,532,947 B2

311

RECEIVE 319
ORDER ITEMS TO BE %
ALLOCATED TO INVENTORY
337 LOCATIONS IN CURRENT POD
N\
SELECT N THE CURRENT ORD 321
__| LOCATION(S) FOR L,_"* (" ITEM AN EXPIRY CONTROL -~
THE NON-EXPIRY ITEM?
ORDER ITEM
323
IN THE POD, IDENTIFY THE }V~
AVAILABLE INVENTORY |
LOCATION(S) STOCKING THE [*
NEXT SOONEST EXPIRING
21 INVENTORY UNITS
CHOOSE 323
LOCATION | v~ 00 TWO OR MORE LOCATIO
HAVING THE [*-(_ MEET THE SOONEST EXPIRING
FEWEST UNITS CRITERION?
ALLOCATE UNITS OUT | 329
> OF SELECTED -
LOCATION

S THE QUANTITY REQUIRED B
THE ORDER SATISFIED IN THE
CHOSEN LOCATION?

' 333
ANY MORE ITEMS TO BE
ALLOCATED?




U.S. Patent May 12, 2009 Sheet 5 of 6 US 7,532,947 B2

337

343
CREATE AN ORDERED LIST OF V
INVENTORY LOCATIONS
BASED ON INPUT DATES

! 345

CONSIDER LOCATION FOR
> OLDEST UNITS NOT
PREVIOUSLY CONSIDERED

351 N

LOCATIONS? ENOUGH UNITS?

153 ALLOCATE UNITS OUT |/
2 OF SELECTED

LOCATION

IDENTIFY ANY PODS
THAT CAN
COLLECTIVELY
PROVIDE THE
REMAINING ORDER
ITEMS (313)

FIGURE 3C



U.S. Patent May 12, 2009 Sheet 6 of 6 US 7,532,947 B2

401

\ - 405
o " [Tre L
N WAREHOUSE oo
ORD@ MANAGEMENT 407
SYSTEM
PICKING
TASKS
411
AUTOMATED |~
MATERIAL  |_
— HANDLING
CONTROLLER
! s v 417
/ L~
CONVEYOR CAROUSEL
SERVER SERVER
A
Y /’415 : 419
CONVEYOR CAROUSEL I
SCANNERS BQUIPMENT

FIGURE 4



US 7,532,947 B2

1

METHOD AND SYSTEM FOR ORDER
FULFILLMENT IN A DISTRIBUTION
CENTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/568,571, filed May 10, 2000, and titled
“ORDER ALLOCATION TO MINIMIZE CONTAINER
STOPS IN A DISTRIBUTION CENTER,” which is hereby
incorporated herein by reference for all purposes, and which
claims priority under 35 U.S.C. 119(e) from U.S. Provisional
Patent Application No. 60/133,646, filed on May 11, 1999,
and titled “ELECTRONIC COMMERCE ENABLED
DELIVERY SYSTEM AND METHOD,” which is hereby
incorporated herein by reference for all purposes.

This application is also related to the following patent
applications: (1) U.S. patent application Ser. No. 09/568,603,
titled “INTEGRATED SYSTEM FOR ORDERING, FUL-
FILLMENT, AND DELIVERY OF CONSUMER PROD-
UCTS USING A DATA NETWORK,” (2) U.S. patent appli-
cation Ser. No. 09/568,570, titled “INVENTORY
REPLICATION BASED UPON ORDER FULFILLMENT
RATES,” and (3) U.S. patent application Ser. No. 09/568,569,
now U.S. Pat. No. 6,622,127 B1, titled “ORDER ALLOCA-
TION TO SELECT FROM INVENTORY LOCATIONS
STOCKING FEW UNITS OF INVENTORY;” all filed on the
same day as the instant application. Each of the above-refer-
enced US patent applications is incorporated herein by refer-
ence for all purposes.

BACKGROUND OF THE INVENTION

This invention pertains to fulfilling customer orders from
inventory that has already been stocked within a distribution
center. More specifically, this invention pertains to fulfilling
anorder by choosing specific pods in a manner that minimizes
the number of container stops in the distribution center.

Distribution centers are buildings or regions where inven-
tory is stored and used to fulfill orders for customers. Cus-
tomers place orders by various modes such as by telephone,
mail, Internet browsers, and the like. To run a distribution
center economically it should be run with a high “through-
put”’

A distribution center’s throughput is defined as the volume
of inventory or number of orders fulfilled in a given unit of
time. The enterprise running the distribution center attempts
to fulfill as many orders as possible in the shortest amount of
time. At least two parameters feature prominently in maxi-
mizing throughput: (a) useable inventory and (b) load balanc-
ing during order fulfillment. Usable inventory simply refers to
the amount of inventory that is immediately available for
order fulfillment. Obviously, ifa distribution center has insuf-
ficient inventory to immediately fulfill all its orders, that
distribution center cannot realize its potentially highest
throughput. Load balancing refers to consistently using all
order fulfillment mechanisms available for fulfilling orders. If
any of these mechanisms sit idle, throughput drops off rap-
idly.

A given distribution center may have many order fulfill-
ment mechanisms. In one example, the distribution center
includes a conveyor that transports a container to various
locations, each of which has an order fulfillment mechanism.
One location may have a bank of carousels, each containing
numerous bins of inventory. Each bin holds one or more types
of inventory. When a container arrives at a carousel, it rotates
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its inventory into a position where order items can be placed
in the container. Another order fulfillment mechanism in the
distribution center may have a few aisles each containing
multiple bins. A worker moves through the aisles to pick out
requested items and place them in the container. Other types
of order fulfillment mechanisms may be employed. A “pod”
is a group of inventory locations all serviced from the same
stop on the transport system (e.g., a conveyor stop). A pod
may contain any or more of the various types of order fulfill-
ment mechanism. Each pod has one or more types of inven-
tory available for “picking.” Picking refers to the operation of
retrieving an item of inventory from a pod and placing it into
a container. The container holds the various items that fulfill
a given order.

Given that different customers have very different needs
and preferences, different orders provide wide and rather
unpredictable variation. Optimal load balancing to meet this
variation presents a serious challenge. During a given week,
for example, several grocery orders may require milk, but
only a few of these require anchovies, a few others require
spicy tofu, and still a few others require cotton swabs. In
fulfilling these various orders, any one of these items could
present a throughput bottleneck. Controlling the position and
path of a container used to fulfill an order can at least partially
address this problem.

The present invention fills a need for better ways to fulfill
customer orders within a distribution center.

SUMMARY OF THE INVENTION

This invention provides a method and associated ware-
house management system that reduces the number of stops
that a container makes in the process of fulfilling a customer
order. According to one embodiment, this is accomplished by
first identifying a pod that stocks the largest number of dif-
ferent items in a customer order. Then, a second pod is iden-
tified that stocks the largest number of remaining items in the
customer order. Ultimately, all items in the customer order are
assigned a pod. The collection of pods defines a container
path through the distribution center.

One aspect of this invention provides a method of filling a
customer order in a distribution center having a plurality of
pods. Each such pod has multiple inventory locations for
storing a plurality of items. The method may be characterized
by the following sequence: (a) identifying items and quanti-
ties of these items contained in the customer order; (b) iden-
tifying a first pod having the most items from the customer
order; (c) allocating the order items found in the first pod to
the first pod; (d) considering remaining order items not allo-
cated to the first pod, identifying a second pod having the
most remaining order items; and (e) allocating the remaining
order items found in the second pod to the second pod. The
process may continue to identify additional pods as necessary
to allocate the remaining items in the order. Allocating the
order items typically requires designating specific inventory
from specific locations in the first pod as belonging to the
customer order. It is, of course, possible that all items from a
particular order will be contained in the first pod. When this is
the case, there is no need to locate a second pod.

Part of the allocation process may generate picking tasks to
move the specific inventory from its specific locations to a
container for the order. The customer order is fulfilled by
stopping a container at at least the first and second pods and
picking allocated items at these pods and placing them into
the container.

Another aspect of the invention pertains to a distribution
center having inventory arranged for filling customer order.
























