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Abstract. — Relevant patterns in system architecture have a and professional associations. To leverage thenosscr

very broad validity. Identifying or leveraging them across
application fields is challenging, though. System rahitects
sufficiently knowledgeable in another field have toestablish
analogies with their own experience to confirm patirns. To let
such discoveries happen by serendipity is ineffiaire. A systemic
framework of a priori transformations guides the investigators
mining models. From the repeating discoveries emeeg a
formal pattern. This method is illustrated by the tansfer
content pattern. Systemically mining for the conten transfer
pattern brought up variants only seen in field occarences.

Keywords-systemic framework; pattern; content transfer;

model based systems engineering; MBSE; behavior; SysML;
activity diagram.

. INTRODUCTION

application fields requires multidisciplinary exfgra not-so-
common career profile. Often,
influenced by the modeling language or by the apgtn

field paradigm. Establishing analogies across thegelves
ontological translations at several levels. Consatly,

patterns are mainly found by serendipity: patteenserge
instead of being hunted for.

We propose to circumvent the difficulty by revegtithe
quest: instead of asking whether a field-provenepatcould
be useful in another application field, occurrenziesystemic
a priori patterns are looked for in several appiicefields.

We are aware that practitioners in other fields rbay
reluctant to adopt patterns found by our methoc éffiort to
qgualify and inscribe them in each application fiddeft to
their respective practitioners.

The rest of this paper is organized as follows tiSedl

Architecture patterns are valuable assets for cempkhows a general framework of patterns induced by priori

systems design. As inspiring solutions, they imprdhe
products based on them while reducing design effdpt to
now, the production of patterns is often a luckyeegence
from random cross-fertilization of application fisl The
subject is worth exploring in a more methodical wéye
identify a priori patterns in a systemic way, puitia portrait-
robot in hands of model miners. Occurrences ofethedtern
candidates are searched for in various applicdiédds. The
observed cases are then consolidated in a fieldeprpattern,
as illustrated with the content transfer patternsystemic
catalogue of patterns is brought to systems ahkitby a
method which also helps establishing their fieldven
validity.

systemic categorizing of flows and
Section Il reports on several field cases of conteansfer.
Section IV generalizes the content transfer pattenm these
cases, with a discussion on its possible variaftse
conclusion and acknowledgement close the paper.

Il. A PRIORIPATTERN FRAMEWORK

Being implied in several application fields to ddte
analog models is a precious experience difficulbriganize.
Collecting patterns that way is putting one’s faithto
serendipity. We aim at exploring potential pattema more
systemic inventory [5]. We were well influenced G&grman
teaching manuals [6][7] or the Schaum’s series avaide

We expect that creating such a systemic framewolk Wamous among students [8]. They describe a largeoeu of

accelerate the discovery of new patterns in theesaay that
Mendeleev’s periodic table did for chemical elemsent

The very definition of a pattern for systems engirey
has been debated at first by Cloutier and Vermalj&jng

study cases, often presenting alternative solutiores single
problem, which cover most encountered situationsndu
one’s professional life.

The generalized identification of flow nature are t

close of reuse, heuristics, and framework amongeroth-ategories over which they transform is explicilgscribed

concepts. Since then, it has gained in accepta2ifg][#].
Results are still far from the ones in computeeisce. How
can it be that systems engineering fails to be mooductive
in term of defined patterns?

Unlike computer science, systems engineering deiifs
systems transforming flows of matter or energyddition to
information. The slow emergence of patterns fortesys
architects may come from the difficulty to reack txpertise
level necessary to formulate patterns in severplicgiion
fields. Good practices are promoted by engineeitgaion
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by Le Moigne [9] in Figure 5.1 via the transfornasis that
may impact a flow of matter, energy, or informatiower
time, space, or form. Le Moigne agglomerates madted
energy in transformations, though. To us, a transftion
may be positive, neutral, or negative in its efféctpositive
transformation augments, increases, or intensifteg
resulting flow. A negative transformation fragmerssatters,
or corrupts the resulting flow. Table 1 proposégrection for
each of the cases systemically identified a priori.
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TABLE I. A PRIORI PROCESSINGTRANSFORMATIONS
Transformation Matter Energy Information
_tcollect | *taccumulate | __ tlearn ]
Time _=preserve,conserve | =store | ___=memorize ________________|
- spoil, decompos - dissipat: - forge!
_texpand, | +diffuse, propagate | ___ + broadcast, digsgten |
Space | =transport anchor | _; = transfer, distribute_ | ___; =move .|
- confine, condense, concentrate - concentrate olates hide, segregate, disturb
_+mold, shape | +reactrefine | +enrich, augmertpte |
Form _=replicate | =transform,conve | =translate transcri |
- erode - degrade, distul - corrupt, sample, simplify, vulgariz
TABLE II. A PRIORI TRANSFORMATIONS OF FLOW NATURE
Transformation Matter Energy Information
|+ purify, combine | tcompress | +detect, sense .
Matter | Ztransmute, react ___________ | __ =bumn, explode | ___: =measure
- pollute, reduce, lyse - absorb (shock) - erspeil
| +centrifuge, distil | +generate, ignite | trefresh .
Energy | =fuse,melt | =convert exchange | _ =detect |
- dry - decay, degenerate, deteriorate| - perturb
| tcook | +optimize |- + decode, uncompress
Information | Zactvate ___________________|__ = command, control, pilot, soliclt __= pes, synthesize
- screen, filter, sort - disperse, overload - sitrie, disturb

Table 1 reads as follows: the positive (resp. m@Ldr
negative) transformation (in the cell) applies ke tflow
(column) over a dimension (row).
“<function> is a <effect> transformation of <flowover
<dimension>" applied to the upper left item beconuvedect
is a positive transformation of matter over time.

A transformation of nature may convert one inpovfin
an output flow of another nature. The transformmatié flow
nature may be positive, neutral, or negative indssilt.

Table 2 reads as follows: the positive (resp. mudr
negative) transformation (in the cell) of the infiatv (in the
row) into the output flow (in the column). The kmplate
“<function> is a <effect> transformation of <inptlow>
into <output flow>" applied to the lower left itelrecomes:
filter is a transformation of information into mett

The method to exploit these tables starts by setgane
a priori pattern in the tables. It is then looked i several
application fields. Approaching occurrences arelectéd
and compared. A consolidated pattern emerges fioen
collected cases and is formalized.

Ill.  ILLUSTRATIVE FIELD CASES

Let us select the middle line of Table 1 as theriarip
pattern to be searched for in application fieldsneatral
transformation of matter, energy, or informatioreospace.

Industrial systems are full of containers whosetean
has to be transferred. Would the content be matesr,gy, or
information, it may flow as a stream (uninterrupteder
time) or not (packet by packet). Let us shortlytskeone
field case for each combination.

Biomedical devices mix blood with reagents to idgnt
pathogens present in the blood sample [10]. Dusamgple
preparation, a precise amount of blood is sucked fhe
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pipette and then flushed into the sample tube.itigtreams
from the blood sample into the pipette, from theepte into

The boilerplate the sample tube: a streaming flow of matter.

A cargo ship enters a harbor to embark or unloatl fr
containers [11][12]. The fret containers are stoogdthe
harbor shore, picked up by a crane which trangfem to
and from the cargo ship. Fret containers are takenby one
from an open space (the harbor shore) to anotherc@rgo
ship store-room): a non-streaming flow of matter.

In a thermic power plant producing electricity, the
primary circuit extracts the heat from the coreptoduce
high temperature and pressure steam [13][14]. Thans
expands then into a turbine coupled to a dynamezifétity
generator). The heat streams from the core soutoethe
steam before being converted into mechanical wstéaMm
expansion): a streaming flow of energy.

Rail transport collects freight cars from theirgimi to
bring them to destination. Since each freight cay mmave its

t own destination, they are recombined at a clasgifio yard.
Each freight car is uncoupled from its origin trgiushed by
a rail tractor through a set of points to reachdistination
train and locks to it. To minimize the sorting timihe
turnouts are remotely commanded, the rail tractibiate the
motion by a push and let it roll to its destinatitnin.
Retarding apparatus along the rails absorb exeaesgieed
by offering resistance to freight car progress. frbght car
locks to the destination train without harsh bungpiihe
tractor impulses kinematic energy to the freight whose
momentum is then controlled to ensure locking $driin: a
non-streaming flow of energy.

Television operators broadcast video content as qfar
their broadcast program or on demand [15]. Theovidesent
from the television operator to all receivers
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uninterrupted stream of images. Depending on thecsiber
contract and order, the content is displayed oevigbn.
The operator broadcasts the video in a streani teaivers:
a streaming flow of information.

In large organizations, the
department manages the software installed on eaoputer
of the company [16]. When a new release of a soévia
deployed, a central
application to each of the targeted computer. Tle& n
software is installed remotely onto each suppoctadputer:
a non-streaming flow of information.

Whatever the scale and the nature of the flowctmtent
of a source container is transferred into a detina
container by a transferor.

IV. THE CONTENT TRANSFERPATTERN

As the examples of the previous section
transferring content from one container to anoihéound in
many applications varying in size, purpose, andineabf
flow. In this section, the content transfer patteis
generalized from the different occurrences thatehbeen
cited in Section 3. These have been found by lapkifter
field occurrences of the middle line of Table 1.

information technology

script copies the new software

«blocks

0.1 =
[ Fi_—" Content Transfer Pattern

[0.1]

[2] [1
shlocks:

i%l Transferor

o ! properties

=l capacity: content =1 latency: second

S level: content =] throughput: contentPerSecond

_ «hlocks
E2| Container
properties

operations
82 host(in flow: cantent)
83 release(out flow: content)

operations
3 transfer(in en try: content, out ext: content)

Figure 1. Elements of the Content Transfer Pattern (bdd).

interface of ‘content’ type: information, energy;, matter

illustrate depending on the flow nature. This artefact issh dontainer

(matter) in the context of the cargo ship.

A pattern variant includes a path conducting thetemt
flow fore and aft of the transferor. In anotheriaat, the
transferor uses the path to go from one contam#ré other.
The path properties would be its capacity sizelangth.

By looking at the illustrative field cases, it seeoseful

The pattern involves at least two containers arel thto differentiate three specialized transferors etiog to the

transferor which transfers the content from the remu
container to the destination container (see FigreAll
figures are in SysML [17], the modeling languagerpoted

by INCOSE and dedicated to systems architects. The When an

‘Content Transfer Pattern’ block is not part of thattern
instantiation: it simply packs the components @& pattern
together. The ‘Containers’ and ‘Transferor’ block® the
physical elements of the pattern. In the biomeddmlice
above, the pipette is the transferor from the blsadple
(the source container) to the sample tube (itsruin).

The transferor gets the content from the sourcéadoer
and transfers it to the destination container. Thansferor’
provides the ‘transfer’ function, which is directgken from
Table 1. In the power plant example, the transféionais
about space: heat is extracted from the core tledwd into
the turbine. A ‘Container’ provides two auxiliargrsices:
the functions ‘host’ and ‘release’ content.

propensity of the flow to naturally go from the smito the
destination container (see Figure 3). This refinenod the a
priori pattern comes from the field cases.

adverse potential exists (against
spontaneous transfer from source to destinatidm®, fiow
from the source has to be pumped up the potewatiedach
the destination.

When a potential aids to move from the source ® th
destination, the transferor takes the role of aevallowing
more or less of the flow to pass by.

When no potential difference is noticed, the flosv i
conveyed from one place to another.

Another point worth mentioning resides in the corga
behavior. Trivially, a container passively contatsscontent.
Seen as a service provider, the container hostsleases a
content flow. The realized containers always havliended
capacity and a current level of content. A contaimay be

Note that the transferor somehow holds contentewnhil initially full, partially full, or empty. A contaier is either

passing it through. But, this is not consideredt@primary
function which is to transfer content or let contdre
transferred. The transferor is connected to bothsburce
and the destination, as in Figure 2. The connedti@a flow

reversible (a cistern can be loaded and unloadedliqtor

not (a non-reloadable battery releases its energpe dy
irreversible chemical reaction). Three operatingdemare
defined: empty, full, or containing (see Figure 4).

ibd [block] Content Transfer Pattern [Content Transfer Paﬂern])

Source : Container

Destination : Container

entry : Content
—

R

access: Content

T : Transferor

access : Content
=l

[T

exit : Content

Figure 2. Topology of the Content Transfer Pattern.
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bdd [package] Components [Transferor Varianis])

<<block>>
Transferor
Constreints

<<blocks> <<block>>
Potential Adverse .| |Potential Aiding ...

CORSTRoints 00

<<block>>
Potential Neutral ..,

Constroints

pans parts
references
values values
properties

Figure 3. Variants of Transferor

In most cases, the transferor has a unique
mode, the transfer taking place or not. Reverdiegfiow in
a pump to make it a generator justifies two opegathodes
of the transferor, though.

The content transfer scenario is rather straigiviiod
(see Figure 5). The two services of the contaimerused:
the ability to accept a content (function “hostfdathe
ability to deliver a part of its content (functidrelease”).
Exceptions occur when the request goes beyonduirent
content level of the source or exceeds the dewinat
capacity. The transfer content pattern is describéelhble 3
using the template proposed in [1].

As is stands, the content transfer pattern carppkea to
a wide variety of problems. Electricity distributidvas long
been a stable situation of potential aiding tramsfeWhen
politics encouraged everyone to distribute and peed
electricity without centralized planning, the etectflow
potential has become versatile. Nowadays, a treordfi@s to
adapt to fluctuant potentials, developing stratedeeswitch

between its operational modes according to the inggo
production and consumption.

A similar evolution has happened with Internet:
knowledge is now produced and consumed by visitors
sites like Wikipedia. The rupture is caused by thange in
knowledge potential, an important factor in thetansiation
of the content transfer pattern.

Daily commuters are experiencing traffic jam in tos
cities. The storing capacity of the city is not theblem
since all commuters finally find place and spendesa
hours in the city. The transfer content patterneuliaes that
the destination is hosting an incoming flow witHiraited
throughput.

Without the content transfer pattern these disvepti
cases could not so easily be understood.

V. CONCLUSION

Usually, collecting architecture patterns from many
sources is tedious and progress is fortuitousdtfitian, best
practices in pattern elicitation recommend thatitierest in

opgratird pattern candidate be confirmed by many sourcés. T

proposed method elaborates patterns from the sigstam
priori Tables 1 and 2. It offers a complementargrapch to
mining them from experience. The illustrative fietdses
have been found by a systemic a priori and focused
investigation. The variants with respect to flowtgrdial
emerged from the field cases. It was not impliedthy a
priori pattern.

The resulting transfer content pattern gained in
applicability scope by the very way it was founcisBd on
the systemic a priori tables, new patterns (likengforming
container: cooking recipes, chemical reactors) dan
methodically searched for.

Furthermore, it can be argued that a truly systemic
approach starts with a finality from which everythielse is
derived, model included. The systems architect¥oads
led by his intent to identify new patterns from firesented a
priori framework.

state machine Container Operating Modes )

Exploited

[level = 0]

do/ Contain

[level = capacity]

Containing

/Host

do / Serve

[Release

Figure 4. Operating Modes of a Container.

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-393-3

30



sd ComemTransferScenario)
|src : Comainer‘ | T : Transferor | | dest : Container
] ]
|
|
I trangfer(input, output)
l  release(flow)
Rl
srcFlow
’_L 77777777 b
opt
| Empty
host(flow)
opt
Full
o

Figure 5. Scenario of Content Transfer.

TABLE IIl.

CONTENT TRANSFERPATTERN

Pattern Name

Content Transfer

Aliases

None yet

Keywords

Container, content, transfer, flow potential

Problem Context

Most industrial processes include some trans
from one step to another. The nature of the
content to be transferred is diverse, with
transferring means adapted to the adverse,
neutral, or aiding flow potential.

Problem The way some content is transferred from on

Description container to another depends on the flow
potential and the means of transfer.

Forces Transferor names are strongly influenced by

disciplines and flow potential. The flow contro|
may require processing algorithms specific to
the application case.

Pattern Solution

The services provided by the containers are
explicited. The category of transferor depend
on the flow potential. Exceptional cases are
identified.

b

=}

ol
s to

ns

S

R

Model See figures in Sectii 4.

Interfaces The mandatory flow is the content released
from the source to be hosted by the destinatiq
through the transferor. Additionnal informatio
about the levels of containers as well as cont
to the transferor may appear. The connection|
the containers may be permanent.

Resulting Depending on the flow potential and the mea

Context of transfer, additional flows (like energy or
anchoring support to a pump) and componen
(like pipes) are required.

Example Gas filling into a car at the gasoil station.The
flow potential is adverse, so the transferor is &
pump. The source container is the station
cistern, the destination is the car tank. The flg
of gas (matter) is streaming.

Known Uses See illustratative field cases in Sec 3

Related Patterns | None ye

References This paper.

Pattern The pattern is found from a systemic a priori

Rationale candidate pattern.

Author Laurent Gasser
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