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Analytical Frameworks in Architecture

{ Most common Notations for Architecture Modeling

[Twu of the most common Frameworks in Review IEJ]\

[ Key Constituents ]——"‘

Introduction
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What is an Analytical Framework?

;rcl-'ﬁ.tectﬂre
Styles &
Patterns

Solution conforms to Designfeinciples, Styles and Patterns

influgnces o
Solution
Architecture
Solution described with a ework's Tools & Techniques
Described by a collection of artifacts
expressing a viewpoint on solution from a
stakeholder standpoint.
Archate e - Based on an architecture Style(s)
Framework Tools & - Conform to Principles
Techniques for - Has Quality Properties
Analysis & Design - Uses architecture Patterns

- Uses a Modeling Notation
- Uses of Patterns
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Rationale

It is difficult to compare and discuss architecture options without a
common frame of reference providing the basic semantics of a
common language.

Any Transfer of knowledge requires dialog.
Dialog requires a common language to describe concepts.
Architecture Frameworks provide analytical Tools and Techniques to

help Architects understand the "Problem to Solve" and Design
answering Solutions.

Architecture Frameworks provide a common base of reference for
architects, making it easy to share and transfer best practices.
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Definition

An Analytical Framework is a skeletal support used as the basis for

something being constructed; a structure for supporting (or
enclosing) something else.

It can loosely be defined as a set of rules and practices that constitute
a way of viewing (i.e. analysing) the reality of the Business Enterprise.

Frameworks recommend standardized analysis techniques, tools,
terminology, methods, standards and design protocols.

Analytical Frameworks focus on the problematic of:
(1.) Management of complexity, ...and cost implications,
(2.) Ease of change, ...and cost implications,
(3.) Alignment of Business & IT expectations, .... and cost implications.
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Purpose

To propose a uniformed approach for the discovery, identification,
sequencing, planning, implementation, integration of the "building
blocks" of a solution,

(1.) How Investigate a Problem, thinking problem complexity,
(2.) How to create a Solution (i.e. using classifications, viewpoints)

(3.) How to manage change, technical debt, encouraging re-use, discouraging re-work
and avoiding waste.

To foster consistency of skill across Architects

...in the use of standard deliverables issued from standardized
analysis and design approaches

...avoiding the creation of "stovepipe" Solutions, that do not interact
with or build on other applications, are difficult to enhance, creating
"entropy".
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Use of Framework

On its own, and while extremely useful, an Analytical Framework
simply embodies a set of conceptual guidelines.

Architects adjust its aspects to the needs and characteristics of the
problem and solution design.

@
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State of the Artin 2016

(2011) ISO/NEC/NEEE 42010:2011
(2011) TOGAF™ 9.1

(2011) Zachman Framework v3.0
(2011) RM-ODP ISO-EntvP

(2010) FEAF v1.0
(2009) TOGAF ™ 9.0

(2008) IEEE 1471 is an ISO Standard

(2005) MetaGroup/Gartner AF Research

(2004) Enterprise Unified Process (EUP) v5.0
(2003) E-vAP ™

(2003) TOGAF™ 8.0 (Enterprise Edition)

(2001) TOGAF™ 7.0 (Technical Edition)

(2000) IEEE 1471 AF Standard

(1999) Visual Architecture Process™ (VAP)v1.0
(1999) Federal Enterprise Architecture Framework (FEAF)
(1998) Rational Unified Process (RUP) v5.0
(1998) Zachman Framework v2.0

(1996) Rational Objectory Process (ROP) v4.0
(1996) RM-ODP

(1992) Zachman Framework v1.0

(1988) Objectory v1.0
(1987) Zachman Framework for IS Architecture
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State of the Artin 2016

There are around 50+ named Architecture Frameworks in existence,
tackling a variety of concerns, but few are truly distinct from one
another.

Some Frameworks originate from IT and evolved to encompass the Enterprise.
Some Frameworks are originally designed to model the Enterprise as a System.
Some Frameworks extend the modeling to Enterprise Planning.

Some Frameworks are anchored in Software Engineering & Architecture, and require
adjustment to the Enterprise.
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Key Constituents

[An Ontology B

[A Methodology
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A Methodology

Acchituetvre
Sl’?lbf A Prerny

The Generic Design Process /
e /
—— PROBLEM . ~{SOLUTION
Conceptual DEFINITION s % DEFINITION
s > Abstracted Concept Abstracted
b or MODEL of how

PROBLEM

DESCRIPTION DESCRIPTION
Real Space J Real description of Real Description of
i A how things are = a how things ought to
problem in all its rich be - a design in all its
complexity rich complexity
Who operates
where? s
Descriptive Space Normative Space
ESD 33 Systems Engineering 2009 s

The selection & use of Architecture Styles & Patterns often take
places during "Synthesis" and "Interpretation" steps.

W2 | MScin ESS (EA) [[o0) IR



An Ontology

The Enterprise is seen as a multi-dimensional space and therefore
need to be assessed under a set of different but interrelated angles.

It is not possible to capture the functional features and quality
properties of a complex system in a single comprehensible model
that is understandable by and of value to all stakeholders.

For this reason Architectural Frameworks propose a way of
classifying descriptive deliverables/artifacts using different
dimensions, aimed at specific stakeholders.

| A standardized Protocol [E |

‘ An Ontology £

' A standardized Taxonomy [ |

2
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The "Primitives" of Architectural representation

ENTERPRISE WHAT HOow WHERE WHO WHEN WHY
APPLICATION

Planners D

Builders 0
Implemente rsCD

Operators CD

INVENTORY sets £ PROCESS flows DISTRIBUTION 2 RESPONSIBILTY O TIMING cycles O MOTRETION O
?npulogle—'. ﬂ’.:.:]nmerf': reasons

An Enterprise is a complex System and Viewpoints help to characterize and

as such is composed of many Domain distinguish Architectural

Specialists. representations, and make them
Specialists have a perspective on things, understandable to Specialists.

a natural appreciation of a given subject The intersection of 2 lines qualifies the
of their field). simplest expression of an architectural

view that addresses a precise concern.

f
)
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Example: Zachman Framework

SCOPE
CONTEXTS

+

TECHNOLOGY
PHYSICS
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Inventory Identification

Inventary Types

Process Identification

Process Types

©rganization Identification

Crganization Types

Timing Identification

Timing Types

Screenshot taken from ArchiMetric / VisualParadigm 2016

STRATEGISTS
AS
THEORISTS

Inventory Definition

=&

Business Entity
Business Relationship

@ Process Definition

ﬁ Diagrams 3

h Terms 5
Rules 3

Business Transform
Business Input

organization Definition

£l

Business Role
Business Work:

Timing Definition

Business Cycle
Business Mament

O

o]

o

T

+

Inventory Specification

oG

Technolagy Entity
Technaolagy Relationship

Process Specification

5

Technology Transform
Technelogy Input

Organization Specification

£

Technology Role
Technalogy Wark

Tirning Specification

e
g

Technology Cycle
Techneology Moment

ENGINEERS
AS
BUILDERS

=)

INVENTORY
SETS

o

ORGANIZATION
GROUPS

s
[

TIMING
PERIODS

+
+
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Stakeholders Viewpoints

‘ Usage

| Purpose

‘ Example(s) }\

| Definition [ [— 4{ Stakeholders Viewpoints

Typical Purpose
Stakeholders
Designing | architect, software | navigate, design,
developer, business | support design
process designer decisions, compare
alternatives
Deciding | manager, CIO, decision-making
CEO
Informing | employee, explain, convince,
customer, others obtain
commitment

About Stakeholders
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Definition

A stakeholder Viewpoint determines the language (including
notations, model, or product types) to be used to represent the
architecture from the standpoint of a stakeholder.

Viewpoints express how to model a "view" of the solution
architecture that speaks to stakeholder.

Viewpoints are the building blocks of a library of Templates that can
be used off the shelf to guide the creation of an Architecture Solution
(ex. TOGAF 9.1/Archimate 2.1 Viewpoints).

| MScin ESS (EA)



Purpose

To give architect a key (or legend) to understanding the notations in
views of that type.

Viewpoints are an important way of bringing much-needed structure
and consistency to what was in the past a fairly unstructured activity.

Viewpoints are defined in a uniform manner can be documented, put

on the shelf, reused, and improved upon across the community of
architects.
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Usage

The identification and selection of stakeholders, concerns, and
viewpoints, and the construction of model artifacts, is the
responsibility of the architect, in association with the stakeholders.

Frameworks do not dictate to Architects which Viewpoints to use,
because there is no consensus on which aspects of the problem or
solution are important, and because systems vary widely in purpose.

g_, |
=
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A standardized Protocol

Protocols address problems that typically arise whenever multiple
Views are used to generate an Architectural Description.

‘ Correspondence & Consistency Rules [ i\

N

S S . — S

\ A standardized Protocol
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Primitives Relationships & Mapping
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Primitives Relationships & Mapping
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Taxonomies implicitly logical
relationships between Entities.

Relationships between entities
classified are one to many left to
right and one to many top to
bottom.

Relationships define "protocols”
speaking to the order in which
Entities should be (can be)
created.

Arbitrary and more explicit
relationships can be defined to
superset the implicit two-
dimensional structure.,



Example of Framework Instantiation

.:‘. What ( How ) ( Where ) .:'. Who -:’. When ) {'. Why )
( ( j ( j ( ( i ( 7
Executive Planner €D RIC1- g= RiC2- g= RIC3 - g= RlC4 - g= RIC5 - g= RIC6 - g= - Expectations
Business context Business Business Targeted Influencers & Strategy Mandate & SEmEe - Environmental
IDENTIFICATION capabilities services geographies Environment increments Directives definition/list constraints
L0 7 I
Management Owner @ R2C1- g= R2C2- g= R2C3 -  gO= R2C4 -  g= R2C5 - g= R2C6 - Risk D= - Problem
Business Concept System & Business Distribution Primary & Business assessment Conc.e.p.tual assessment
DEFINITION Data assets processes channels, UX 3rd Parties cycles & Alignment definition - CBA demonstration
L0 7 I
Architect Designer D R3C1- g= R3C2 - App. O= R3C3 - g= R3C4 - o= R3C5 - g= R3C6 - Q= —I_ - Gap analysis
Business logic Features & flow & Servicing Service Current to Fitness for L°9'_Ca| - Current to target
REPRESENTATION Functions transform points interactions Target state purpose design state migration
L 7
- Requirements and
Developers, Builder O R4Cl- Oz R4C2 - Rules Bz R4C3-UIJ D= Ric4 - Oz R4CS - Oz RACE- D= ) assumptions
analysts, testers Schematics & Logic, IfO, App Interface Contract Component Feature Ph!_"_s'(a_l + Solution Fieslgn.
SPECIFICATION Dependencies Protocal points collaboration orchestration complete specification both at FI’”’ITCU
system leve
L 7
Release engineers, Implementer CO RSC1- g= R5C2 - Build 5= R5C3 - Infra. 5= RSC4 - O= RSC5 - 0= RSCE - Fully O= [— - Configuration tools
db/sys admin Packages order and deployment Release Implementa- functional X Setup - Model at system /
CONFIGURATION dependencies dependencies points engineering tion plan deliverable instructions version level
L 7 I
User support, SLA Operator €D R6C1- g= R6C2 - Infra. 5= REC3 - D= REC4 - D= REC5 - 0= RECE - ProjectD= — - Quality / Cost at
instantiation, Infrastructure component Wariation Validation, Solution life- metrics, ROI, Instances system / version
ADMINISTRATION setup allocation points / SLA UAT, training cycle TCO operation level
L 7 I
INVENTORY O PROCESS 0O DISTRIBUTION © RESPONSIBI- O TIMING cycles © MOTIVATION ©
sets flows topology LITY intentions
assignments
All IT and Data Transform Locations Role, org. Interval Ends (value)
assets + Input/Output + Network { Accountability / + Moment + Meaning
+ Connection Responsibility )
Entities Interaction + Work Product Sequence of events
+ relationships + Collaboration
activity
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Correspondence & Consistency Rules

oL

!

Correspondence Rules express relationships between elements
within an architecture description to enforce architecture relations

such as:

(1.) Composition, (2.) Dependency, (3.) Constraint and obligation, (4.)

Traceability.

Consistency Rules enforce a common level of refinement and detail

of specification across Entities.

Rule 1:
Columns have no order

Rule 2:

Each column has a simple, basic model
Rule 3:

Basic model of each column is unique

Rule 4:
Each row represents a distinct view

Rule 5:
Each cell is unique -

Rule 6:
Combining the cells in one row forms a
complete description from that view

Rule7:
The logic is recursive

MSc in ESS (EA)
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Two of the most common Frameworks in Review

At a high-level, all Frameworks are composed of "building-blocks":
(1.) a "Skeleton Structure", (2.) a "Nervous System", (3.) a "Tool-box".

They specify a widely tested and recognized set of "building blocks"
to manage the Enterprise Architecture.

They propose a logical representation of the Enterprise.
They provide a set of practices to construct an Architecture.

Some Frameworks are more prescriptive than others in the Contents,
Methodologies and Tools they advise.

‘ TOGAF™ 9.1 (The Open Group Architecture Framework) B ‘

‘ Two of the most common Frameworks in Review =

J ]EDI‘IEO[EEE 420‘] 0 (Rozaﬂskl & Woods Uarlant} I:Evl ‘ _____-—-""__-
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ISO/IEC/IEEE 42010 (Rozanski & Woods variant)

A taxonomy-centric Framework, based on IEEE 1471.

The Rozanski & Woods Framework shows how a modern, IEEE/ISO
compliant EA framework can be implemented from the ISO/IEC/IEEE
42010 standard.

|' Evolution B }

-----\-"‘-\.__-

" Key Aspects ‘ ———

ISO/IEC/IEEE 42010 (Rozanski & Woods variant) =

" Classification B ‘ —

-

.-'/---

.-/---

08—

L/
)
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Origin

Originally defined in 2000 (as IEEE-1471) to provide a direction for
incorporating Architectural "thinking" into IEEE standards.

IEEE 1471 was developed by the IEEE Architecture Working Group
under the sponsorship of the IEEE Software Engineering Standards
Committee.

The current Active Standard, published in 2011, is the result of a joint
ISO and IEEE revision of the earlier IEEE Std 1471:2000, IEEE
Recommended Practice for Architectural Description of Software-
Intensive Systems.

2| MscinESS (EA)



Classification

IEEE-1471 is a taxonomy-centric architecture framework.

It proposes a set of Architecture Viewpoints to codifying conventions
and common practices of Architecture Description.

It provides a framework and vocabulary for talking about the
constituents of an Application Architecture.

2
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Ontology

Context Viewpoint: Business
Management, Business Analysts

Functional, Informational,
Concurrency Viewpoints: System
Analysts, Database designers
and System Designers.

Development Viewpoint: System
and Software Engineers.

Deployment and Operational
Viewpoints: Administrators,
Release Engineers, Operations

MSc in ESS (EA)

Context Viewpoint

Functional
Viewpoint

Informational
Viewpoint

Concurrency

Viewpoint
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Evolution

2000: The IEEE Standards Board approved IEEE 1471 for use.
2006: IEEE 1471 was adopted as an ISO standard.

2007: Publication of the Standard as ISO/IEC 42010:2007 - text
identical to IEEE 1471:2000.

2011: ISO/IEC/IEEE 42010:2011 replaces both ISO/IEC 42010:2007
and IEEE Std 1471:2000.

5

=2 | wmsciness(ea)



TOGAF™ 9.1
The Open Group Architecture Framework

A methodology-centric Framework.

The TOGAF Framework provides a comprehensive approach to the
Planning, Design, Implementation, and Governance of an
Architecture.

|f Evolution B ’u
A e MRS H“HH%

| Key Aspects | — e

_____\____-_ "--\._\_\_\_\-\--\-

S

| Classification }—[ TOGAF™ 9.1 (The Open Group Architecture Framework)

f“""f’

— "

|f Characteristics \|_--———---""" ﬁ

a-'-f’-’

.-'-'-ﬂ--

|' Origin B }f
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Origin

The Open Group Architectural Framework (TOGAF) was first
developed in 1995 and is based on the Department of Defense’s
Technical Architecture Framework for Information Management.

The TOGAF framework definition focuses on mission critical business
initiatives that use IT Systems as building blocks.

It has been developed by the Architecture Forum user group within

The Open Group (CapGemini, HP, HSBC, IBM, NEC, SAP, Sun
Microsystems).

It is vendor neutral, Technology neutral, Tool neutral. It is currently at
revision 9.1.

| MScin ESS (EA)



'ﬁ' o

LE

[

Characteristics

A core and key element of TOGAF is the Architecture Development
Method (ADM), which specifies a Process for creating Architectures.

TOGAF relies heavily on modularization, standardization and already
existing, proven technologies and products.

TOGAF explains rules for developing good principles, rather than
providing a set of architecture principles. Three levels of Principles
support decision making across the entire enterprise, provide
guidance of IT resources and support architecture principles for
development and implementation.

| MScin ESS (EA)



Key Aspects

The “TOGAF Content Framework" provides a loose taxonomy to
categorize Architectural primitives.

This taxonomy aims to drive consistency in the outputs from TOGAF.

It promotes reuse through consistency - a reusable “part” can be
used in future architectures.

It promotes consistency between solution designs (and in turn the
overall resulting architecture).

2
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Ontology

MSc in ESS (EA)

To address the concems of the following stakeholders...

Users, Planners,
Business Management

...the following viewpoints may be used to develop views of your solution architecture

Database Designers
and Administrators,
System Engineers

System and Software
Engineers

Acquirers, Operators,
Administrators, &
Managers

Business Viewpoint

Data /
Information
Viewpoint

Data Entity View

Data Flow View
(Organization Data
Use)

Logical Data View

Application
Viewpoint

Technology /
Infrastructure
Viewpoint




Methodology

The TOGAF 9.1 Methodology is
referred as the Architecture
Development Process (ADM).

It aims to be customizable for a
given Organization and Project.

It is iterative over the whole
process, between phases, and
within phases.

&ug_ g |
BT |
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Preliminary

A.
Architecture
Vision

H. B.
Architecture Business
Change Architecture
Management

G. C.
Implementation Requirements Inéormaﬂon
Govemance Management ystems
g nlectures
F. D.

Migration Technology

Planning Architecture
E

Opportunities
and
Solutions
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Evolution

2001: TOGAF 7 ("Technical Edition") is published.

2003: TOGAF 8 ("Enterprise Edition") is published and updated
regularly with new examples.

2009: TOGAF 9 includes: (1.) a new Content Meta-model that links the
artifacts of TOGAF together, (2.) New Templates, (3.) Practices for
Architecture scoping and segmentation, (4.) Practices for Business
capability-based planning, (5.) Guidance on how to use TOGAF to
develop Security Architectures and SOA.

2011: Maintenance release, TOGAF 9.1. is the current version of the
Framework.

| MScin ESS (EA)



Common Notations for Application Architecture
Modeling

f;

1. The Unified Modeling Language standard
2. The ArchiMate® 2.1 Architecture Modeling standard

2| MScinEss (EA)
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Unified Modeling Language (UML 2.x)

The UML standard is maintained by the Object Management Group
(OMGQG).

It provides 14 types of diagrams divided into two categories:
structure diagrams and behavior diagrams.

The meaning of any UML symbol can be specialized by using
stereotypes.

A "Stereotype" is a domain-specific or technology-specific label
shown within “angle brackets” that can be applied to existing UML
elements to best describe an Architecture concept or relation.

UML is actively in practice today with strong tool support, especially
in Manufacturing centric Industries (not so much in the non-
manufacturing Enterprise).
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UML 2.x Notation

‘-'mm”

Diagrarn

MSc in ESS (EA)

Structung Bahavior
Lhagram Diaggram
A i)
I I I | I
Class Diagram C omponnt Object Activity State Machine
Diagram Diagram Deagrarn [Hagram
L] 4] £1 ) S
Package Composite Deployment Profile Diagram Use Case
Diagram Structurs Diag. Diagram W Diagram
(m3 fl— wm
] [ | = =
mmm.wﬁmﬂeﬂmsmﬁ [ I IPIl |
H.Er wrell for doge 5 Sequance Communication Tirming Indzraction
L miodile vigns Diagrarm Diagram Disgram Crvnrviow Diag.
i1 CE&C views 8 O e O
(1) aliocation views
[ behavior fin amy view)
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ArchiMate® 2.x

ArchiMate is an open and independent modeling language for EA,

created by the Open Group and fully aligned with the TOGAF EA
Framework.

It is a Notation for describing, analyzing and visualizing relationships
amongst Architectural Domains as defined in TOGAF.

Each Domain is specified by a Meta-Model, constraining the Diagrams
that can be created, and allowing consistency of notation and re-sue
of Concept elements between Views.

ArchiMate also allows the connection of Models belonging to

different "layers" (i.e. Business/Application/Data/Technology layers),
hence helping an Architect to document View consistency.

2| MscinESS (EA)



Core Notation introduced in v1.0

STRUCTURAL BEHAVIORAL INFORMATIONAL
CONCEPTS CONCEPTS CONCEPTS
D = Prochuct
Busi % Business Busi Businesa
= Z=] CO=) =] OOl =
ﬁ Business Bmlmas_u Businosﬁ BmimssD vt
Z collaboration @ interface — function avent D s
2]
=2
m
¥ Busi @
Location Q n;:zt“ ifl':'"’“ (]D Value
=z Anmmanaﬁ:l % N?pllcmgs @ Q -"\Pﬁlimnq} GD
E camponant collaboratior function interaction
g -0 Applicatio
=l - Data plication
E ﬁ.im:n O _{ abject service
l ] | X i
Node o B ‘Q '"ﬁm” Q service Artifact E
g
-l » 5] o)
% copll ‘ ; software: l
(3]
w
i Communi fln’ ( ) Infrast l-o
unication | = esss= nirastructure
path interface _O _(
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