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Engineered Systems Design

Description mm) Prediction m=) Control wm) Design

If you can’t
describe its
behavior, you can’t If you can’t predict

predict its behavior its behavior, you
can’t control its If you can’t control

behavior its behavior, you
can’t design its
behavior

All our research is predicated on
our ability to describe the
engineered system of interest.
It is also limited by that ability!




How do we do our research?

All Papers

Order Picking Papers "

m Ship/Rec = Storage = Order Pick

Storage Systems Papers

&

) ) ) m Dept Alloc = Zoning = Loc'n Assign
m Batching ® Routing = Sorting

From: European Journal of Operational Research
Volume 177, Issue 1, 16 February 2007, Pages 1-21



https://www.sciencedirect.com/science/journal/03772217
https://www.sciencedirect.com/science/journal/03772217/177/1

Inescapable Conclusion

The collected body of research on warehousing is very highly
concentrated on issues where the system of interest can be
“adequately” described using our standard analysis

methodologies—statistics, optimization, queuing theory, or
discrete event simulation.

And some really great research has been
done that has amazing impacts on the
practice of MH!



Our “system modeling
language” is, in fact, our
analysis modeling language.

Like every generalization, this one is not 100% true!



These languages may be really good at
what they are good at, but ...

imited fidelity

Imited scope

imited “consumability”




Consequences:

1. We are forced to make assumptions that greatly simplify
the real problem, and we rarely are able to test the results
to understand approximation error.
 Steady state, expected value results are “good

enough”

2. We turn away from problems for which an adequate
system description cannot be created as one of these
standard analysis approaches.

* High density storage/mixing systems
* Highly capacity constrained sorting systems

3. Our research does not achieve its potential for impact on

practice



Worst of all:

Results,
recommendations
from our analyses
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How to expand our horizons?

To enable more ambitious, and
more readily applicable research
on control and design

We need a richer, more robust
system specification language!

Description mms) Prediction M) Control mm)p Design

If you can’t
describe its
behavior, you can’t If you can’t predict

predict its behavior its behavior, you
can’t control its
behavior

If you can’t control
its behavior, you
can’t design its
behavior




A pattern to learn from

VHDL (VHSIC Hardware Description Language) is a hard
used in electronic design automation to describe digita
such as field-programmable gate arrays and integrated
used as a general purpose parallel programming languz
https://en.wikipedia.org/wiki/VHDL

Summary: History of VHDL

1981 Initiated by US DoD to address hardware life-cycle crisi
1983-85 Development of baseline language by Intermetric
1986 All rights transferred to IEEE

1987 Publication of IEEE Standard

1987 Mil Std 454 requires comprehensive VHDL description:
1994 Revised standard (named VHDL 1076-1993)

2000 Revised standard (named VHDL 1076 2000, Edition)
2002 Revised standard (named VHDL 1076-2002)

2007 VHDL Procedural Language Application Interface stand
2009 Revised Standard (named VHDL 1076-2008)

>
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ENTITY test
porta:in;
end ENTITY;

System
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Architectural
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Physical Design

Physical Verification
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https://www.doulos.com/knowhow/vhd|_designers_guide/a_brief history of vhdl/



Moore’s Law — The number of transistors on integrated circuit chips (1971-2016) SUSGRE

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. B4t

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
strongly linked to Moore's law.
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Transit Center
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Logistics centers designed for the Physical Internet
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What the world needs

* Ability to design (control, predict, specify) the large
scale socio-technical, cyber-physical systems that
sustain modern life, because they enable the flow
of material through networks of resources that
transform that material to higher value

*This is our domain!



Fundamental Truths

* Operational control of these systems does not exist
without material handling

* The physical processes of material handling, vis-a-
vis control, often are not considered explicitly in
systems design—they are effectively an
afterthought

OPPORTUNITY!



Fundamental Truths

* By and large, we are still hand-building decision

support analysis models that we already know how
to build!

* As a result, we are too slow, too expensive (and not
well integrated with other decisions) so we are not
used well

* And our analysis methods are becoming
commodities

Even if we are happy to work at the individual
process level, we will have a lot of competition



Fundamental Truths
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Conclusion

* Future material handling research, as we know it,
must have a systems perspective, must integrate
decisions about MH system desigh and operational
control with other systems-level design and
operations decisions

* Domain experts will always know more than we do
about the system of interest

* We must know something that is not a commodity, that
contributes effectively to systems design and
operational control decision making

 We must translate our results into implementable
recommendations



How might we reach that future?

e Shared, unifying framework for system specification
) Lingua franca for system specification ( a la VHDL)
* Specification authoring and editing tools

* Framework for decision-making, both for system
design and system control

* Decision support analysis automation

* Decision support analysis integration with system
specification



Discrete Event Logistics Systems

Distributor Retailer

Parts Supplier

Transportation Services

Units of flow move through a network of resources, which execute processes
that transform the units of flow in some way—Ilocation, age, configuration,
information, etc. These are “discrete event logistics systems” or DELS.

Transformations can be adequately described by their start and end events, and
by the summary description of the state change accomplished.

2018 International Symposium on
Semiconductor Manufacturing Intelligence

26



Toward a language for DELS

* Product

* Process

* Resource

* Facility

* Control

* Plant Model

Network of Resources

Resource capabilities: make, move, store (get, put)



«blocks usesDataFrom
PlantModel

representsStateOf|
«blocks
Facility
isContainedin
contains ;sc:ntnet,
tracksStateOf visits «blocks il
«blocks» «block» Resource
Productinstance > Product isExedyctedBy>
values
productiD
canExecute
isTransformedBy
—>
isCreatedByExecuting
«block»

hild
pare!;— invqkesBehaviorOf

ProcessPlan k

follows

«block»
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ANSI/ISA-95 Georgla@

Purdue Enterprise Reference Architecture (PERA)
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Georgla @

Operational control decisions are
implemented by moving material!

“Make” is not an operational control decision!

30



OPERATIONAL CONTROL QUESTIONS ~ Gegrgia)

Control questions provide a mapping from a formal functional definition of
control activities for DELS to formal (math programming) analysis models.

DELS xpected
Controller J Aoty
Decision Maker Deasion Upport
— o e o i Problem
2 ersback ] [Monitoring] |- | et
T ey [ :
e | R | —
o e
1 A A N
// [e7] / I | \
X 7z o ! 1 i N
& S-S a0, 9 )
(o4 (TN ko c 0((
7z N = il ol © A
v 7/ (%] 4+ N
Ve (e wn | 1w
‘ & < i Oy %
’ &© v N
I N
1

« Which tasks get serviced? (Admission/Induction)
 When {sequence, time} does a task get serviced? (Sequencing/Scheduling)
* Which resource services a task? (Assignment/Scheduling)

 Where does a task go after service? (Routing)
« What s the state of a resource? (task/services can it service/provide)



PLANT/CONTROL SEPARATION

Georgia
Tech
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ibd [Block] ActiveResource [ ActiveResource ‘]J

tazkin : Tazk

r LM 2Controller

taskOut : Task

—a

flowsIn : Product

S

Specify the May have its own

capabilities, i.e., internal structure,
operations it can with other

perform resources

Invokes the
capabilities of the
plant/resources, with
parameters
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A motivating example

A central fill pharmacy (CFP) is “a pharmacy which is
permitted by the state in which it is located to
prepare controlled substances orders for dispensing
pursuant to a valid prescription transmitted to it by a
registered retail pharmacy and to return the labeled
and filled prescriptions to the retail pharmacy for
delivery to the ultimate user” (21 CFR 1300.01 (44)
[Title 21 Food and Drugs; Chapter Il Drug
Enforcement Administration, Department of Justice;
Part 1300 Definitions]).



Scale and Scope

* Thousands of drugs (associated Pareto for orders)
* 30,000 scripts per day

* Several hundred to a thousand local pharmacies
(with associated Pareto for orders)



High speed filling
into vials in pucks




High flexibility robotic
filling into vials deposited
in totes



Unit of use




Product

* The product of a CFP is a set of assembled orders
ready to ship to the originating local pharmacy
e Customer order may have one or more scripts

e Scripts may be automatically dispensed from either the
puck line or the tote line

e Scripts may be manually dispensed from the tote line

* An order must contain only scripts for drugs that are
available in the CFP

* All the orders for a local pharmacy must be collected for
shipment overnight



puckSystem : PuckSystem

: HSFillSystem

rh

|

: PuckConveyorSystem
VTS: VTS

toteSystem : ToteSystem

: ToteConveyorSystem
: HFFillSystem
rh

: TakeAwayConveyor

sortSystem : SortSystem

storeToteBuffer : StoreToteBuffer sortationConveyor : SortationConveyor

sealedToteStore : SealedToteStore




: VialDispBase

| v1: Vialdispenser | :VialBranch

I v2: Vialdispenser

e

| ¢ PuckQ@Branch

| v3: Vialdispenser

: TakeAwayConveyor

- PuckBaggerSystem

|
[83 : PuckBagger I[ B2 : PuckBagger II B1 : PuckBagger

. ﬁin—Puc;Lo;p

|
HSD3 : HSDispenseFinger

: Capper

: Exceptions

HSD2 : HSDispenseFinger

HSD1 : HSDispenseFinger

_' pw1 : PuckWeigh
_i pv1 : PuckVisual

__I hs01: HSDispense

—1 hs02: HSDispense

—‘ hs03 : HSDispense




manualFillSystem1 : ManualFillSystem

pharmacist : PharmacistStnTote | | toteBagSys : ToteBaggerSystem

| : TakeAwayConveyor

toteConveyorSystem : ToteConveyorSystem

autoUofU : AFrame

I— VTé: V_TS]

|

hFDispSystem : HFDispSystem [1..%]

xSKU : XSKU




Basic processes

in : CustomerOrder
{stream}

>1] out RejectedCustomerOrders

set ShiftState = [

[ "on"

“= shiftstart }_ _ ;If_ > 2F
|

y
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_?___9®
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(‘act [Activity] CFPControl[ CFPControl ]J

@ ]

| ControlSystemModeling

3 N\ datastore»
[ Get NDC List £
D > NDC List

DCList

Orderin : ] [— A TR z g
R = Chatomerorder .OrderScreenrII .OrderSort'h} { .BatchSelectthjNextBatch [ .OrderDlspatc:Il: ]
OrderBatch |

out : CustomerOrder RejectedOrger




(‘act [Activity] OrderSort[ OrderSort ]J

in AcceptedOrder : CustomerOrder

l | ControlSystemModeling

[ Get Wave List

«datastore»
Wavelist

rgument

rgument1 Add ‘:r:l‘::r# to

result

( Get Wave Table )

«datastore»
WaveTable

S,
AddFillTasks | 2U1PUtValie " add order to
for each line wave table

o)




(‘act [Activity] FillToteOrder| FillToteOrder 1)
ControlSystemModeling
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Control

(—— === ===
| round-rokin, least
| ] ) | wip, etc
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: ine as route
: | no dispatched tote wip
[
| g
|

-~

f -,

PR lastline? [ e
! | Identify Cell = 9¢ . R aaer ) I:,:/
| | and Quantity ¥ '

[

[
|
[
|

zallocates
ToteLine

|
| Route2Dispense | _' Dispense ] | Route2Bagger BagOrder out BaggedOrder




Why is this worth doing?

* No ambiguity about the system concept or
architecture

* Ability to specify any variation of this basic “style”
of CFP

* Single source of truth for analyses to support all
planning and operational control

* Specification for simulation model that enables
experimentation with control rules and parameter
settings



Conclusions

* It’s worth doing

* [t’s really hard (at first), but so was DES and
optimization

* We are gaining experience and fleshing out a
hierarchical abstraction

* | don’t see another way for us to get where we
need to be—remember VHDL!



Thank you
and
Safe Travels Home!
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