Table of Contents

1 INErOAUCHION iuvusssssnuemisisusisnssmasississtaiss srsesvansusinsnsinmns sensensonaenssvaenat sarsssasssons sassasassnasasnansanss
2 Model types and their modelling
bR Wl o o [=1 R [ o [l o] o Tol 1o WU e i T
2.2 The need for modelling warehousing ProCeSSES ..............cccvevevveeveeieeeeeesesireeeeens 12
2.3 MIOOI TYPOS wsiviuissusuisssovmsssasmsnsssvisnisiis iasnsamannansonsessasssssms s ssomns o smassns oms gasnnsessonssammsmsnnsn 17
3 Warehouse process CharacteriStiCs ..........ccouviueeeiiuieirienriericsesssesseesesssreeseesnessseeseesneenns 21
3.1 Structure of War€hOUSE PrOCESS ..........c.cveuiiiiiieeieeeeeee e 21
3i2° Maiii phases: of WaTBROUSING «:sssrssusssmsssvsmssoss i nmissssssssin fsms s ses sogsssensanssins 25
3.2.1 Receiving .25
3.2.2 PUt-away........cccooviiiiiiiiiieeeeee sl
B.2.3 SHOTAGR ...ttt 27
3.2.4 Replenishment of the picking locations in the order picking area...................... 27
3.2.5 0Order PICKING ......eiiiiiiii et
3.2.6 Material dispatch ...............
3:2:T COPACKING cxvcssissssississsssssns 5o ranunsarsemssasesssnsans sasmsnasss st vorsrssmsssmsasans consasossemmsneess
3.2.8 Shipment of materials
3.2.9 CroSS-AOCKING. .....ouiiiiitieiiecie et
3.3 Basic configurations of the warehousing proCess...............ccococveoviviieieiceceeeieee 32
3.4 Strategies for implementing the warehousing proCess ................cocvvveeveveeeeeeann. 33
4 Modelling of the WarehouUSING ProCeSS .........cccceevvieiieieiceiceeseeeeeeeeseeeesseseseeseeeseeseseenes 42
4.1 Introduction to MOAEIING.........coiiiiriiiiii i 42
4.2 The model of the War€hoUSING PrOCESS ...........cveiuiiieiiee e, 45
4.2.1 MOAEI SEUCHUE ...t 45
4.2.2 Structure of transshipments at the entrance and exit from the warehouse ....... 49
4.2.3 Means of internal transport and machinery .................ccoccocovvevieciecsceeee, 50
4.2.4 HUMAN WOTK ...ttt 50
4.2.5 Mapping of the warehouSing ProCeSS..................cocviivicieieiieeeeeee e, 51
4.2.6 Decision variables and restrictions
4.2.7 Functions and evaluation criteria of the warehousing process......................... 64
5 Warehousing process - selected procedures, algorithms, methods of
IMPIEMENEALION ... e e er e s e e nsen e e e s 66
5.1 Processing CUSIOMEr OFAEIS ........c.ooviiiiii e 66
5.2 Preparation of PICKINGIISES i s simmists i smmmmsr smosmssasmsansseneansmmamsses s 69
TG 11771V =T~ o] e 74
5.4 ENtry it SOMAQE.......c.oiiiiiiiiceiee e 77
5.4.1 Assortment classification for the purposes of allocation to storage locations....77
5.4.2 Sequencing of storage locations for the allocation of materials to them ........... 86

5.4.3 Placement of material units in the storage zone

5.5 Order picking PrOCESS .........ccuviviiivieireiieiie e

6 The issues in generating warehouse operation routes
6.1 The issue of searching for the routes of transport cycles in warehouses ................... 94

3



6.2 The model of the optimization of transport cycle routes in warehouses ..................... 96

6.3 Heuristics of generating transport cycle routes in the warehouse .............................. 99
631 Ceneral TOMAIKS s abuennn s i 45 AT R R G A R R SRt 99

6.3.2 1S-SHADE; MIGHIOU .ucssisimsumsssiimrsssiamssmusss s s s sy e Vs S SRS R ovs 100

6.3.3 RetUMN MELNOQ...........eiiiiiiie i 102

6.3.4 Comprehensive Method (Composite Heuristic)...........cccccooiiiiiiiiiiiiinnn. 103

6.3.5 Midpoint MetRod) .. msssmssrsmnssmes oo e s s s ys s osmesmsay 103

6.3.6 The Largest Gap Method............ccccciviiiiiiiiiiiiiiii i 103

6.3.7 Aisle-by-aisle Method ............ccccciviiiiiiiiiiiiiiic i 106

A T L — 107



