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infi
m® Motivation

GOAL: Model driven approach for warehouse analysis and design —
Warehouse CAD

Tools that enable new warehouse designs to be completed faster, cheaper,
and with better resulting performance require a formalized understanding of
the artifact and a standard representation of its components.

Need for comprehensive formal semantics defining the meaning of
symbols used for describing (i) warehouse resources and activities, (ii)
warehouse control, (iii) intermediate abstractions used during design,

and (iv) the warehouse design process
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Prior work / context

GOAL Warehouse CAD
e I el |
Topic of . . :
B o Comprehensive formal semantics :
S B e e e
Design Order Order Control Profiling
Workflow picking picking Model
blocks analysis AU
Author(s): Author: XYZ
Prior work Goetschalckx, Author: Author: Friemann, Published:
McGinnis, Sharp Geil3en et al. Blunck, Vogdt, Klenper.t, ABC
Published: bublished: McGinnis P
IMHRC 2008, PS—— Published: Published:
Dortmund _ Austin ~1IE Conference 2 Cerieienes
2011, Reno 2010, Cancun
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Design concept: Functions & streams

Starting point: Most abstract warehouse specification possible:

In-stream \Warehouse Out-stream

Functional design: Creating 15t iteration function flow network (FFN) by splitting up
streams up to the point of implementable functions (- design semantics)

Nodes split up streams or join streams - transformation of streams

Arcs conserve streams -> transformation of place

‘ Warehouse

In-stream p —> Out-stream

= \

Implementable ‘
function

Warehouse design: Designing nodes and arcs of FFN (= warehouse
semantics)
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imm Systems engineering process for
) warehouses

Design semantics # Warehouse

semantics Function Warehouse
Design semantics used during . £y
functional design phase = until 2, &§
. . = T 9
implementable functions are £ £L8s
. . . - 6, o s AO
identified (functional decomposition) © S S @
> S SIS
o1 “.s @
2, ’ 5
Warehouse semantics used during % instanciate ;§’
operation strategy & equipment GS
selection, sizing & dimensioning, L L
.. network showing
defining department and overall TGl
layout functions
design semantics warehouse semantics
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Design semantics
supports functional design

Design semantics — Functional Design

depicts functions and streams

describes what should be done / shows which transformations should take
place and their rates / deviations

Functional design from most simple warehouse specification,
which is
Warehousing function: Transforming input streams into output streams

Function flow network showing implementable functions

Functions transforming time, space, orientation, quantity, compilation, status,
value

E.g. check quality, transport/put away, store, pick, assemble, palletize, pack s
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Design semantics

Functional Design Example: Simple; 18t iteration Function Flow Network
Possibility of splitting up functions and streams in subsequent iterations

ibd [Block] FunctionPlart [ First teration FFM ])

Received Goods © ObjectStream

: Receiving Shipped Goods ; OhjectStneam
[—3 —= — . : Shipping . :|

Putaway pallets : OhjectStream

Pallet Rack : Storing
4‘ #

Replenish forward : Order Picking
Putaway Cartons | ObjectStream
Shelfed racking : Sturingki
—‘
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Warehouse semantics

Warehouse semantics
describes how sth. should be done

depicts detailed warehouse specification
includes processes, structure, resources, and requirements
includes warehouse control
“easy” readable and accessible
allows different views on artifact

supports analysis and design of arcs and nodes of FFN
Enable model transformation and model execution

enable creation of libraries/pre-defined components to capture expert
knowledge
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Specifying order picking
(warehouse semantics)

ahlocks
OrderPickingArea

T S S S

- MaterialF low Sy sterm

ahlocks
MaterialFlowSystem

NurrherOfAisles : Real

. WidthCOf CrossAisles : Real X . . .
. WidthofstgchngAis|gg:Rga|

: values : : : :
. |LengthOfStockingAisles : Real | . .. .. ..o o

esystems:

o Tabocke
. |Warehouse . . . . . . .

OrderPickingZone

© o |-AvgTourLength : Real

valies
-AvaFckingTime : Real

Infarrration Flow 'System'T

zhlocks

Infor

parts
Order Corrpilation
Order ConfirmationType
OrderRegistration

values -
Av gMurrberOfPicksPerTour : Real | -

. x .

L Organlzatlonadstem L

ahlocks

'~ |OrganizationSystem |

GeilRen et al., “Evaluation of Decision Criteria to Select
Efficient Order Picking Systems” at Informs Conference
2010, Austin

Blunck, Vogdt, McGinnis, “Formal Design Models for Order Picking Systems” at IIE
Conference 2011, Reno

Library element “Order picking with static supply of staging units” (left)

(captured expert knowledge)

Cut out from specification in adherence to warehouse semantics (right)
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inl:ljm Analysis of order picking
) (warehouse semantics)

Iinifior miati onFlow Sys tam : Inform atio nFlow Syste m

: 1 ke PerTou - Real | “*mgesgn deC|S|0n Used parameters are part
Lt e support of warehouse semantics

Matorial FlowSystam : M ate rialFlew Systom

i StockngAsies - Real

Combination of existing
L e | models and warehouse
M AvgPickingTime : Real | SemantICS

| Le ngthDfStock ingAisias : Real i

RO StockngAsies - Raal

| WidthOfSto ckingdis les < Re al i

i Crass Axies - Raal

| WidthOfCross Aiske s : Real i

B N
L]

| Mum barOfAislas : Roal l MNumberQiAses - Real

Picker : Pickar [1.%]

= . o - Rl Pker_Aocaaration - Real

maxBpoad : Roal Acker_rmaxSpead - Real
@ Pesar_DownTima - Raal
HandingTim e : Real Ackar_Hardling Time - Real
I@ Ficker_Dead Tine - Real

asy stems =
oPZ_BMARCC : OPZ_BMARCC .
AvgPickingTime = "426.941305895697"
AvgTourLength = "362.911958843546"

AvgNumherOfPl:ksPerTnur "20"

| <bloc ks =
oP7_BMARCC .or ganizati sKUAIL i iy : SKUI ocationAssis i

| ABCCurveShape = "0.12"

RatioOfRequiredStorageToTotalStorage Space = "0.8"

H BN N

shlocks B i
Or ganizationSystem : OrganizationSy stem | | oBZ_BMARCC, i - ialFlowSystem B
LengthOfStackingAisles = "50"
SHILA N cationP alicy - SHIULocati i b " | MumberOfAjsles = "12"
= olicy : MEEUAAL et & i Be.y WidthOfCrossAisles = '3"
| Rl WidthOfStockingAisles = "8"
| |Ratio0fReq uir edS tor age ToTo taldtorage Space : Real | :l

<hlocks =
0PZ_BMARCC i picker[1] : Picker

o Observmg plelng:_

" | DownTime = "15"

| ABCCurveShape : Real ! ctar

L]

Bl ; performance

10
Blunck, Vogdt, McGinnis, “Formal Design Models for Order Picking

Systems” at IIE Conference 2011, Reno
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Integrated semantic model

Integrating design semantics and warehouse semantics within ONE
semantic model

Integrated semantic model
(SysML)

Design Warehouse
semantics semantics

Support of whole warehouse design process
from functional design to
detailed specification
enabling consistent Warehouse CAD
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imm In_tegrated.semantic model — Context
’ within design process

zhlock= zhlock=
uesigner Spﬂciﬁcﬂtiﬂn - -——""""—"—" — —"_ 1\~ — — |
" ! |
'createsH ! I
.
| ™~ uses Iprnduces I
S,
" . I I
zhlock= k) I I
ApplicationData =g S % | | conforms
A\ eblocks Lses eblocks |
DesignProcess |~ — — — — T — —AnalysisTools |
supports
- T g [
ablocks ——
Language Libraries cnnntms cnnfurms____ - I
A ! - |
creates . gfnfnrms | - - :
| -
zblocks USES 7 zhlockz |
Expert f — — — — = Inmtegrated I — - — = = = - — = - = = =
Semantics
Georgia "
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imm Integratgd semantic model — Structure
’ & Containment Tree

EIE '-.-'-.-'arehu:fuse Semantics EEI Ili?n::-;:‘i:nm -
o7 Beaehunaen G- Besihurgen Adapting INCOSE’s
£33 ObjectStream e ot “Cookbook for MBSE with
g i:;l,;l;;use B B Funu:tlcun_Structure SySM L”
El tl FunctionControl

-- ¥ Bezichungen

B Warehouse _Analysis

- - Beziehungen

------ ] Warehouse Analysis

B Warehouse_Requirernent

- Bezichungen

LA 1 Owerall Warehouse Requirersrt
B Warehouse_Struckure

b2 Bezighungen USing repeating
- -E3 FunctionConkrol_Struckure

| £ FunctionCantrol expressive descriptors

l E] Message . " "

- L] Control containment tree “easy” to
s |;| bl access and to update
= Functiu:-n_

- Beziehungen N e—— enabling division of labor,
E"'__?;”:;Z?jh“jngen E é sedehungen because knowledge of
e @7 eaehungen subsystems bundled
= E Department_Types """ & Progess Analysis W|th|n SUbeIderS

B Process_Library
E IInloading

E}D Process_Requirement
- Bezishungen

E Fast Ficking
E-E Packing
E-E Receiving

5 ZEEE.:;Q - A 3 Process Reqguirerment VleWS onw areh ou S.e
- Storing -0 Process_Structure elements and libraries:
- Transporting B Process . .
- valus Adding e e analysis, behavior,
i é-%p::;a;inent _Tvpes E-E Svstem structure , requ ireme nt,
B3 Function typeS
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SysML representation of Integrated
semantic model (top level)

«blocks
FunctionControl

parts
message handler
splitter
event dispatcher
event handler
resource dispatcher
event - log
state database

During the design phase several analyes - rom taskto function
to overall level - are performed to check, whether the selected
design alternative meets the set requirements or not. The
R .| — — — = T|sequence of analyses is defined by the wareshouse design
‘Warehouse Analysis e

- areguirements

- Overall Warehouse Requirement
esystems - ld="1"

Warehouse &

_ draces . _ _ _|Text="Defines the required frequency and quantity inbound
streams that have to be consumed and the required frequency
and quantity of outbound streams that have to be produced.

Function requirements are derived from overall requirements.”"

T
1 0.* f

ablocks ;«denveﬁem»
Department ablocks
Function Analysis

parts
: DepartmentLayout [0..1]

] L I
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e H areguirements
0.* - Function Requirement
E
ablocks - =2
Function & ~ adraces Text="Defines for each function the required frequency and quantity
F—- - — e ~ 7 "|inbound streams that have to be consumed and the required
frequency and quantity of outbound streams that have to be
produced. Function requirements are derivad from overall
requirements.”
T
|
|
ablocks 1
FunctionPlant sderiveRedts
 parts
Receiving I
Shipping ablocks y
Order Picking Process Analysis |
Pallet Rack : Storing . |
Shelfed racking : Storing e -
R > - arequirements
1 pr Process Requirement
=blocks
Process afraces _
0.*
ablocks p-r
Re: zactivitys
| T Task
ID »
sactivitys
Operation

~ Fraunhofer

IML

The H. Milton Stewart School of In al and Systems Engineering

14



1 iorms |

Future work / Remaining challenges

Identify what types of tools for which tasks are best
How to link these tools with SysML semantics
Model transformation

Creation of comprehensive libraries
Further semantics-checks and extensions of semantics

Implementing Integrated Warehouse CAD-Framework
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Thank you!

We are glad to answer your
guestions!
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