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Abstract. This report documents a catalogue of architectural patterns built from
constraint components. Constraint component is a concept used to represent
architectural constraints by components. It facilitates the reusability, the
composability and the customizability of architectural constraints.

This report revises a list of existing architectural patterns in the literature and
represents them using constraint components.

1 Introduction

This report revises a list of existing architectural patterns in the literature and
represents them using constraint components. Architectural patterns are described in
terms of unit constraints that assure their aimed characteristics. These unit constraints
can be reused to compose different architectural patterns. Thus, for each revised
pattern, we show its constituent unit constraints and for each constraint, we show the
patterns in which it is reused.

This document is organized as follows: Section 2 introduces the CLACS profile in
which constraints are written, Section 3 describes the list of architectural patterns in
form of constraints, Section 4 goes through the list of constraint components that are
used to compose patterns, Section 6 presents the list of patterns using constraint
components.

2 CLACS profile

Component-Based Specification of Architectural Constraints (CLACS) UML Profile
is dedicated to represent architectural constraints using the notion of component. In
this section we only focus on a part of CLACS Profile that is used to represent the
component structure of the architecture. In CLACS, a component is an instance of a
component descriptor. A component has ports which are interaction points. Bindings
between ports can be defined using connectors. As in Fig. 1, a Component Descriptor



extends the meta-class Component. A Component Instance extends the meta-class
Property. This is due to the fact that in the UML Composite Structure Diagram, the
internal structure of a composite component contains Properties typed by
Components. A Port extends the meta-class Port. Finally, a Connector extends the
meta-class Connector.
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Fig. 1. Part of the CLACS profile representing the structural organization of components

For example, considering the following snippet of architectural constraint in OCL
(Object Constraint Language):

context ComponentInstance

inv: self.base Component.ownedAttribute ->
select (oclIsTypeOf (CLACSProfile: :ComponentInstance)) ->
size() >= 1

This constraint simply checks all internal component instances of a component and
make sure that there are at least one of them. Notice that throughout this report, all the
constraint components will be written based on CLACS Profile.

3 Pattern catalogue

This section will go through a list of architectural patterns in the literature. Each
pattern will be described using textual architectural constraints. The following points
should be noticed to be able to understand the list:

Remark 1. For certain patterns, there exist three different variants. The variant
called Context Independent contains constraints that are applied to all components in
the architecture. The variant called Hybrid contains constraints that are applied to
only a part of architecture (in case that the architecture exposes many different
patterns and we take care of only one of them). The variant called Group contains
constraints with group granularity. In other words, instead of imposing constraints on
components we impose constraints on groups of components.

Remark 2. Variants of patterns and their constituent constraints are numbered. The
list of numbered constraints will be presented in Section 4.



Remark 3. We will not re-explain the structure of architectural patterns but directly
describe their constituent constraints. For more details, the readers are invited to
revisit the cited sources where patterns are described.

3.1 Pipes and Filters ([1][2][3])

3.1.1 (1) Variant 1 — Context Independent
(1) Each filter should be connected
(10) Pipes between each pair of filters should go into the same direction
(30) There is no cycle between filters

3.1.2 (2) Variant 2 — Hybrid

(2) In selected filters, each filter should be connected

(11) In selected filters, pipes between each pair of filters should go into the same
direction

(31) In selected filters, there is no cycle between filters

3.1.3 (3) Variant 3 — Group
(3) Each group of filters should be connected
(12) Pipes between each pair of groups of filters should go into the same direction
(32) There is no cycle between groups of filters

3.2 Layers ([1][2][3])

3.2.1 (4) Variant 1 — Context Independent

(1) Each layer should be connected

(4) Each layer should be connected to at most 2 other layers

(7) The number of layers that are connected to only 1 other layer is equal to 2 (top
and bottom layers)

3.2.2 (5) Variant 2 — Hybrid

(2) In selected layers, each layer should be connected

(5) In selected layers, each layer should be connected to at most 2 other layers

(8) In selected layers, the number of layers that are connected to only 1 other layer
is equal to 2 (top and bottom layers)

3.2.3 (6) Variant 3 — Group

(3) Each group of layers should be connected

(6) Each group of layers should be connected to at most 2 other groups of layers

(9) The number of groups of layers that are connected to only 1 other group of
layers is equal to 2 (top and bottom group of layers)



3.3 Layered Pipes And Filters

3.3.1 (7) Variant 1 — Context Independent

(1) Each filter should be connected

(4) Each filter should be connected to at most 2 other filters

(7) The number of filters that are connected to only 1 other filter is equal to 2 (left-
most and right-most filters)

(10) Pipes between each pair of filters should go into the same direction

(13) There is exactly 1 filter having only successors

(16) There is exactly 1 filter having only predecessors

3.3.2 (8) Variant 2 — Hybrid

(2) In selected filters, each filter should be connected

(5) In selected filters, each filter should be connected to at most 2 other filters

(8) In selected filters, the number of filters that are connected to only 1 other filter
is equal to 2 (left-most and right-most filters)

(11) In selected filters, pipes between each pair of filters should go into the same
direction

(14) In selected filters, there is exactly 1 filter having only successors

(17) In selected filters, there is exactly 1 filter having only predecessors

3.3.3 (9) Variant 3 — Group

(3) Each group of filters should be connected

(6) Each group of filters should be connected to at most 2 other groups of filters

(9) The number of groups of filters that are connected to only 1 other group of
filters is equal to 2 (left-most and right-most group of filters)

(12) Pipes between each pair of groups of filters should go into the same direction

(15) There is exactly 1 group of filters having only successors

(18) There is exactly 1 group of filters having only predecessors

3.4 (10) N-tier

(3) Each tier should be connected

(6) Each tier should be connected to at most 2 other tiers

(9) The number of tiers that are connected to only 1 other tier is equal to 2 (top and
bottom tier)

(12) Connectors between each pair of tiers should go into the same direction

(15) There is exactly 1 tier having only successors

(18) There is exactly 1 tier having only predecessors



3.5 MVC (the variant that is equivalent to 3-layer pattern) ([1][2])

3.5.1 (11) Variant 1 — Context independent

(1) Each component should be connected

(7) The number of components that are connected to only 1 other component is
equal to 2 (first (M) and last (C) component)

(59) There are exactly 3 component (M, V, C)

3.5.2 (12) Variant 2 — Hybrid

(2) In selected components, each component should be connected

(8) In selected components, the number of components that are connected to only 1
other component is equal to 2 (first (M) and last (C) component)

(60) In selected components, there are exactly 3 component (M, V, C)

3.5.3 (13) Variant 3 — Group

(3) Each group of components should be connected

(9) The number of groups of components that are connected to only 1 other group
of components is equal to 2 (first (M) and last (C) group of components)

(19) There are exactly 3 groups of components (M, V, C)

3.6 (14) PAC ([1])

(3) Each layer should be connected

(6) Each layer should be connected to at most 2 other layers

(9) The number of layers that are connected to only 1 other layer is equal to 2 (top
and bottom layers)

(33) Each component in an agent should be connected

(34) The number of components in an agent that are connected to only one other
component is equal to two (first (M) and last (C) component)

(35) There are exactly 3 components in each agent (M, V, C)

(36) For every agent, there’s only the Controller connected to the outside

3.7 Pipeline ([1])

3.71 (15) Variant 1 — Context Independent

(1) Each filter should be connected

(4) Each filter should be connected to at most 2 other filters

(7) The number of filters that are connected to only 1 other filter is equal to two
(left-most and right-most filters)

(13) There is exactly 1 filter having only successors

(16) There is exactly 1 filter having only predecessors

(27) There's at most 1 pipe between each pair of filters



3.7.2  (16) Variant 2 — Hybrid

(2) In selected filters, each filter should be connected

(5) In selected filters, each filter should be connected to at most 2 other filters

(8) In selected filters, the number of filters that are connected to only 1 other filter
is equal to 2 (left-most and right-most filters)

(14) In selected filters, there is exactly 1 filter having only successors

(17) In selected filters, there is exactly 1 filter having only predecessors

(28) In selected filters, there's at most 1 pipe between each pair of filters

3.7.3  (17) Variant 3 — Group

(3) Each group of filters should be connected

(6) Each group of filters should be connected to at most 2 other group of filters

(9) The number of groups of filters that are connected to only 1 other group of
filters is equal to 2 (left-most and right-most group of filters)

(15) There is exactly 1 group of filters having only successors

(18) There is exactly 1 group of filters having only predecessors

(29) There's at most 1 pipe between each pair of group of filters

3.8 (18) Indirection Layer ([1])

(3) Each layer should be connected

(9) The number of layers that are connected to only 1 other layer is equal to 2 (left-
most and right-most layers)

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(19) There are exactly 3 layers

(20) The sub-system layer (3rd) has only predecessors

(21) Wrappers (in the 2nd layer) must wrap at least one component

(26) Wrappers (in the 2nd layer) do not communicate with each other

3.9 (19, 20, 21) Star (3 variants: Shared Repository pattern, Active
Repository pattern, Black Board pattern) ([1])
(3) Each layer should be connected
(12) Connectors between each pair of layers should go into the same direction
(22) There are exactly 2 layers
(23) The sever layer (2nd) has only predecessors
3.10(22) Facade ([1])

(3) Each layer should be connected



(12) Connectors between each pair of layers should go into the same direction

(22) There are exactly 2 layers

(23) The 2nd layer has only predecessors (23)

(37) All components in the client layer (1st) which want to pass through sub-
system layer (2nd) must pass through the facade component

(38) All predecessors of facade must be in the client layer (1st)

(39) All successors of facade must be in the sub system (2nd)

(40) Facade must wrap at least one component

3.11(23) Replicated component

(3) Each layer should be connected

(6) Each layer should be connected to at most two other layers

(9) The number of layers that are connected to only one other layer is equal to 2

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(26) Components in the dispatcher layer (2nd) should not be connected to each
other

(41) There are 5 layers

(42) The 5th layer has only predecessors

(43) Components in the replicated component layer (3rd) should not be connected
to each other

(44) Components in the centralizer layer(4th) should not be connected to each
other

(45) There are more than one replicated components in the 3rd layer

(46) Replicated components (3rd layer) should be connected to dispatchers and
centralizers

3.12Ring

3.12.1 (24) Variant 1 — Context Independent
(1) Each component should be connected
(27) There's at most 1 connector between each pair of components
(47) Each component should be connected to exactly 2 other components
(50) There is exactly no component having only successors
(53) There is exactly no component having only predecessors

3.12.2 (25) Variant 2 — Hybrid

(2) In selected components, each component should be connected

(28) In selected components, there's at most 1 connector between each pair of
components

(48) In selected components, each component should be connected to exactly 2
other components



(51) In selected components, there is exactly no component having only
successors

(54) In selected components, there is exactly no component having only
predecessors

3.12.3 (26) Variant 3 — Group

(3) Each group of components should be connected

(29) There's at most 1 connector between each pair of groups of components

(49) Each group of components should be connected to exactly 2 other groups of
components

(52) There is exactly no group of components having only successors

(55) There is exactly no group of components having only predecessors

3.13(27) Legacy Wrapper ([4])

(3) Each layer should be connected

(9) The number of layers that are connected to only 1 other layer is equal to 2 (left-
most and right-most layers)

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(19) There are exactly 3 layers

(20) The 3rd layer has only predecessors

(24) There is exactly one legacy wrapper in the 2nd layer

3.14(28) Client-Server ([1][2][3])

(3) Each layer should be connected

(12) Connectors between each pair of layers should go into the same direction

(22) There are exactly 2 layers

(23) The sever layer (2nd) has only predecessors

(25) Components in the client layers (1st layer) should not be connected to each
other

3.15(29) Microkernel ([1])

(3) Each layer should be connected

(6) Each layer should be connected to at most 2 other layers

(9) The number of layers that are connected to only 1 other layer is equal to 2 (left-
most and right-most layers)

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(56) There are exactly 4 layers



(57) The microkernel layer (3rd) has exactly 1 component (Microkernel)
(58) The internal server layer (4th) has only predecessors

3.16(30) Client-Server with Broker ([2])

(3) Each layer should be connected

(9) The number of layer that are connected to only 1 other layer is equal to 2 (left-
most and right-most layers)

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(19) There are exactly 3 layers

(20) The server layer (3rd) has only predecessors

(24) Brokers (in the 2nd layer) must wrap at least 1 components

(25) Components in the client layer (1st) should not be connected to each other

3.17(31) Bus

(3) Each layer should be connected

(9) The number of layer that are connected to only 1 other layer is equal to 2 (left-
most and right-most layers)

(12) Connectors between each pair of layers should go into the same direction

(15) There is exactly 1 layer having only successors

(18) There is exactly 1 layer having only predecessors

(19) There are exactly 3 layers

(20) The server layer (3rd) has only predecessors

(24) There is exactly 1 bus (in the 2nd layer)

(25) Components in the client layer (1st) should not be connected to each other

4 List of constraint components

This section will go through a list of constraint components used to compose
patterns. For each constraint component, “CI” at the beginning means Context
Independent, “H” means Hybrid and “G” means Group

4.1 (1) CIConnectedComponentsChecker
Variant type: Context independent

Semantics: Each component should be connected.
Configuration:



ICIConnectedComponents
—D + configChecker: ICIConnectedCompaonents

interface |CIConnectedComponents{
isCIConnectedComponents();
¥

Z]¢IConnectedComponentsChecker

{selfisConnected()} ﬁ

4.2 (2) HConnectedComponentsChecker

Variant type: Hybrid
Semantics: Each component in the selected components should be connected.
Configuration:

HConnectedComponents
_|:| + configChecker: IHConnectedComponents

interface IHConnectedComponents{
isHConnectedCompaonent(Set<String > componentMames);

}

Z1HConnectedComponentsChecker

{let components: Set{CLACSProfile:; Componentinstance) =
zelf base_Component ownedAttribute =
select{ocllsTypeOf{CLACSProfile:: Componentinstance))-=
select{c| componentiames -= includes(c name)) in

self isConnected{components)}

4.3 (3) GConnectedComponentsChecker

Variant type: Group

Semantics: Each group of components in the selected components should be
connected.

Configuration:



[GConnectedCompanent

+ canfigChecker: IGConnectedComponent

interface [GConnectedCompanents{
isGConnectedComponents(OrderedSet <Set<String > » componentMames);

t

=1 GConnectedComponentChecker

{let groups: OrderedSet(Set(CLACSProfile:: Componentinstance)) =
componentMames -= iterate(y, groupSet:
OrderedSet{Set(CLACSProfile:: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component ownedAttribute -=
select{oclsTypeOf(CLACSProfile: Componentinstance)) -=

select(c| g - includes(c.name)) in groupSet.append{aGroup)) in
self isConnected{groups)}

4.4 (4) CILimitedNeighborsChecker

Variant type: Context independent
Semantics: Each component should be connected to at most 2 other components.
Configuration:
ICILimitedMeighbors
+ configChecker : ICILimitedNeighbors

interface ILimitedMeighbors{
isLimitecMeighbors(),
}

=] CllimitedMeighborsChecker

{self.base_Companent.ownedAttribute - >
select{ocllsType OF(CLACSProfiler ComponentInstance))
-» forAllic | c.neighbors() -» size) <= 2)}

4.5 (5) HLimitedNeighborsChecker

Variant type: Hybrid

Semantics: Each component in the selected components should be connected to at
most 2 other components.

Configuration:



IHLimitedMeighbors
+ configChecker : IHLimitedMeighbors

interface IHLimitedMeighbors{
isHLimitedMeighbors{Set<5String > compenentMames);

}

S HLimitedMeighborsChecker

{let components : Set{CLACSProfile:Componentlnstance]) =

self base_Cemponent.owned&ttribute - >

select{ocllsType OF(CLACSProfilenComponentInstance)) - » select(c|
componentMames - includes(c.name)) in components - > fordll(c |
c.neighbors(components) -» size() <= 2)}

4.6 (6) GLimitedNeighborsChecker

Variant type: Group

Semantics: Each group of components in the selected components should be
connected to at most 2 other groups.

Configuration:

IGLimitedMeighbors
_D + configChecker: IGLimitedNeighbors

interface IGLimitedMeighbors{

isGLimitedMeighbors(OrderedSet<Set <String » > componentMNames);
}

=1 GlimitedNeighborsChecker

{let groups: OrderedSet(Set(CLACSProfile:ComponentInstance)) =
componentMNames - > iterate(g; group Set:
OrderedSet(Set(CLACSProfilenComponentInstance)) =
OrderedSet{} | let aGroup = self.base_Component.ownedéttribute ->
select(ocllsTypeOF(CLACSProfilerComponentInstance)) -»

select(c| g -» includes{c.name)) in groupSet.append{aGroup)) in
groups - fordll(g | g.neighborsOf(g, groups) - > size() <= 2)}

4.7 (7) CIFirstAndLastChecker

Variant type: Context independent

Semantics: The number of components that are connected to only one other
component is equal to 2 (first and last components)
Configuration:



ICTFirstAndLast
+ configChecker : ICIFirstAndLlast

interface ICIFirstAndLast{
hasFirstAndLast();
}

= ] CIFirstAndLastChecker

{=elf base_Component.ownedAttribute ->
select{ocllsTypeOfi CLACSProfile:: Componentinstance))
-= select{c | ¢ neighbors() -= size() =1) -= size() =2}

4.8 (8) HFirstAndLastChecker

Variant type: Hybrid

Semantics: The number of components in the selected components that are
connected to only one other component is equal to 2 (first and last components)

Configuration:

IHFirstAndLast

+ configChecker : IHFirst&ndlast

interface IHFirstAndLast]

hasFirst&ndlast(Set<String > componentNames);
1

= ] HFirstAndLastChecker

7 let components ; Set(CLACSProfile;; Componentinstance)) =

self base_Component . ownedAttribute >

select{oclsTypeOf(CLACSProfile;: Componentinstance)) -= select(c|
componertMames -= includes{c name)) in components -= select(c | c.neighbors()
-= gize() =1) -» size() = 2}

4.9 (9) GFirstAndLastChecker

Variant type: Group
Semantics: The number of group of components in the selected components that

are connected to only one other group is equal to 2 (first and last groups)
Configuration:



IGFirst&ndLast
+ configChecker : [GFirstAndLlast

interface IHFirstAndLast]
hasFirstAndlast{OrderedSet<Set<String » > componentMames);

}

= GFirstAndLastChecker

let groups: OrderedSet(Set{CLACSProfile:: Componentinstance)) =
componertMames -» terate(g, groupSet:

OrderedSet{Set(CLACSProfile:: Componentinstance)) =

OrderedSet{}| let aGroup = self hase_Component . ownedAttribute ->
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -=

select(c| g -= includes(c.namea)) in groupSet. append(aGroup)) in

groups -» select(g | self neighborsCfig, groups) -= size() = 1) -» size() = 2}

4.10 (10) CISameDirectionConnectorsChecker

Variant type: Context independent

Semantics: Connectors between each pair of components should go into the same
direction

Configuration:

ICISameDirectionConnectors
—D + configChecker : ICISameDirectionConnectors

interface ICISameDirectionConnectors{
hasSameDirectionConnectors();

}

=] CISameDirectionConnectorsChecker

{=elf base_Component.ownedAttribute -=

select{ocllsTypeOfi CLACSProfile:: Componentinstance))

-= forAll(c1, c2 | let connectors : Set(CLACSProfile: Connector) =

=elf edgesBetween(c1, c2) in

connectors sourceProperty() - intersection{connectors targetProperty()) -=

isEmpty())}

4.11 (11) HSameDirectionConnectorsChecker

Variant type: Hybrid

Semantics: Connectors between each pair of selected components should go into
the same direction

Configuration:



IHSameDirectionConnectars
+ configChecker : IHSameDirectionConnectors

interface IHSameDirectionConnectors{
hasSameDirectionConnectors(Set<String > componentMames);

}

= HSameDirectionConnectarsChecker

{ let components : Set(CLACSProfile: Componentinstance)) =

self base_Component.ownedAttribute -=

select(oclsTypeOf(CLACSProfile:: Componentinstance)) -= select(c| componentMames -»
includes(c.name)) in components -= forAll{c1, c2 | let connectors : Set{Connector) =

self edgesBetween(cl, c2)in

connectors sourceProperty() -= intersection{connectors targetProperty()) -= isEmpty())}

4.12 (12) GSameDirectionConnectorsChecker

Variant type: Group

Semantics: Connectors between each pair of groups of components should go into
the same direction.

Configuration:

IGSameDirectionConnectors
—D + configChecker: IGSameDirectionConnectors

interface [GSameDirectionConnectors{
hasSameDirectionConnectors(OrderedSet<Set<String > » componentMames);

}

=] GSameDirectionConnectorsChecker

{let groups: OrderedSet(Set{CLACSProfile:: Componentinstance)) = componentMames ->
iterate(g; groupSet: OrderedSet{Set{CLACSProfile: Componentinstance)) =
OrderedSet{}| let aGroup = self baze_Component.ownedattribute -
select{oclsTypeOf(CLACSProfie:: Componentinstance)) -=

select(c| g -= includes(c.name)) in groupSet.append(aGroup)) in

groups -= forAll{g1, g2 | let connectors : Set{Connector) = self edgesBet n(gl, g2)in
connectors sourceProperty() -> intersection(connectors targetProperty()) -= isEmpty())}

4.13 (13) CIRestrictedLeftMostComponentChecker

Variant type: Context independent
Semantics: There is exactly 1 component having only successors
Configuration:



ICIRestrictedLeftMostComponent

—D + configChecker : ICIRestrictedLeftMostComponent

interface ICIRestrictedLeftMostComponent{
hasCIRestrictedLeftMostComponent();
i

=] CIRestrictedLeftMostComponentChecker

self base_Component ownedAttribute -=
select{oclsTypeOfiCLACSProfile:: Componentinstance)) - one(c | cpredecessors() -=
size() =0)

4.14 (14) HRestrictedLeftMostComponentChecker

Variant type: Hybrid

Semantics: There is exactly 1 component among selected components that has only

successors.
Configuration:

IHRestrictedLeftMostComponent

+ configChecker : IHRestrictedLeftMostComponent

interface IHRestrictedLeftMostComponent]

hasHRestrictedLeftMostComponent{Set<String > componentMames);
}

= HRestrictedLeftMostComponentChecker

{let components : Set{CLACSProfile:: Componentinstance)) =

self base_Component.ownedAttribute -=
select{oclsTypeOf{CLACSProfile: Componentinstance)) -» select(c|
componentiames -= includes(c.name)) in components -= one(c |

c predecessors(components) -= size() = 0)}

4.15 (15) GRestrictedLeftMostComponentChecker

Variant type: Group

Semantics: There is exactly 1 group of components among selected groups that has

only successors
Configuration:



[GRestrictedLeftMostComponent
+ configChecker : [GRestrictedLeftMostCompanent

interface IGRestrictedLeftMostComponent|
hasGRestrictedLeftMostComponent(OrderedSet<Set<String > > componentMames);
'

=] GRestrictedLeftMostCompaonentChecker

{let groups: OrderedSet{Set{CLACSProfile::Componentinstance)) = componenthlames - terate(g;
groupSet: OrderedSet(Set(CLACSProfile::Componentinstance)) =

OrderedSet{}| let aGroup = self base_Component ownedAttribute ->
select(oclsTypeOf(CLACSProfile:: Componertinstance)) ->

select(c| g -» includes{c.name}) in groupSet.append[aGroup)) in

groups -> onelq | self predecessorsOf(g, groups) -> size() = 0)}

4.16 (16) CIRestrictedRightMostComponentChecker

Variant type: Context independent
Semantics: There is exactly 1 component having only predecessors.
Configuration:

ICIRestrictedRightMostComponent
_D + configChecker: ICIRestrictedRightMostComponent

interface ICIRightMostComponent{
hasCIRightMostComponent();
}

=] CIRestrictedRightMostComponentChecker

self base_Component. ownedAftribute -=
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -= one(c |
c.successors() -» size() =0)

4.17 (17) HRestrictedRightMostComponentChecker

Variant type: Hybrid

Semantics: There is exactly 1 component among selected components that has only
predecessors.

Configuration:

IHRestrictedRightMostComponent
+ configChecker : IHRestrictedRightMostComponent

interface IHRestrictedRightMostComponent]
hasHRestrictedRightMostComponent{Set<String » componentMames);
t

=] HRestrictedRightMostComponentChecker

{let components : Set{CLACSProfile: Componentinstance)) =

self base_Component.ownedAttribute ->

select(ocllsTypeOfiCLACSProfile:: Componentinstance)) -» select(c| componentMames
-= includes({c.name)) in components = one(c | ¢ successors{components) -> size() =
0}




4.18 (18) GRestrictedRightMostComponentChecker

Variant type: Group

Semantics: There is exactly 1 group of components among selected groups that has
only predecessors

Configuration:

IGRestrictedRightMostCompaenent
—D + configChecker : [GRestrictedRightMestComponent

interface [GRestrictedRightMostComponent]
hasGRestrictedRightMostComponent{OrderedSet <Set <String > > componentMames);

=] GRestrictedRightMostComponentChecker

{let groups: OrderedSet(Set(CLACSProfile: Compeonentinstance)) = componentMames - iterate(g;
groupSet: OrderedSet(Set(CLACSProfile: Componertinstance)) =

OrderedSet{}| let aGroup = self base_Component.ownedAttribute >
select{oclsTypeOf(CLACSProfie :Componentinstance)) -

select(c| g -> includes(c.name)) in groupSet append(aGroup)) in

groups -= onelg | self successorsOf(g, groups) -» size() = 0)}

4.19 (19) GRestrictedComponentsCheckerV3

Variant type: Group
Semantics: There are exactly 3 components.
Configuration:

IGRestrictedComponentV3
+ configChecker : IGRestrictedComponenty3

interface IGRestrictedComponentV3{
hasRestrictedComponent{Ordered Set<Set<String > componentNames);

}

=] GRestrictedComponentCheckery'3

{let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) = componentMames -
= iterate(g; groupSet: OrderedSet(Set{CLACSProfile:: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component. ownedattribute -=
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -=

zelect{c| g -= includes(c name)) in groupSet.append(aGroup)) in groups -= size() =3

1

4.20 (20) GRightMostComponentCheckerV3

Variant type: Group

Semantics: The 3rd group of components among selected groups has only
predecessors.

Configuration:



IGRightMostComponenty3
+ configChecker : IGRightMestComponentV3

interface IGRightMostComponenty3{
isGRightMostComponentV3(OrderedSet <Set<String > > componentNames);
}

=] GRightMostComponentCheckery3

{let groups: OrderedSet(Set{CLACSProfile:: Componentinstance)) = componentMames -=
iterate(g; groupSet: OrderedSet{Set{CLACSProfile: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component.ownedAttribute -=
select{ocllsTypeOf{CLACSProfie:: Componentinstance)) -=

select(c| g -= includes(c.name)) in groupSet append(aGroup)) in

self successorsOf(groups -= at(3), groups) -= size() = 0}

4.21 (21) GValidWrappersCheckerV2

Variant type: Group

Semantics: Every component (wrapper) in the 2nd group of components must have
successors outside of its group.

Configuration:

IGValidWrappers\2
_D + configChecker : IGValidWrappersy2

interface IGValidWrappersW2{
hasGValidWrappers\2(OrderedSet<Set <String > > componentNames);

}

= GValidWrappersCheckery2

{let groups: OrderedSet(Set(CLACSProfie:; Componertinstance)) = componentMames -
= fterate(g; groupSet: OrderedSet{Set(CLACSProfie:: Componentinstance)) =
OrderedSet{}| let aGroup = self hase_Component ownedAttribute -=
select{oclsTypeOf{CLACSProfile:: Componentinstance)) -»

selectic| g -= includes(c name)) in groupSet append{aGroup)) in

groups -> at(2) ->forAll{w | w.outEdges)) -> notEmpty () and components ->
intersection{w successors()) -» size() = 0) }

4.22 (22) GRestrictedComponentsCheckerV2

Variant type: Group
Semantics: There are exactly 2 groups of components.
Configuration:



IGRestrictedComponentsy2
+ configChecker: IGRestrictedComponentsy2

interface IGRestricted ComponentV2{
hasRestrictedComponent{CrderedSet<Set<5tring > componentNames);
}

=] GRestrictedComponentsCheckery2

{let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) = componentMames -=
iterate(g; groupSet: OrderedSet(Set{CLACSProfile:: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component. ownedAttribute -=
select{ocllsTypeOf{CLACSProfile: Componentinstance)) -=

select(c| g -= includes(c.name)) in groupSet.append{aGroup)) in groups -= size() = 2

}

4.23 (23) GRightMostComponentCheckerV2

Variant type: Group
Semantics: The 2nd group of components among selected groups has only
predecessors.
Configuration:
IGRightMostComponenty2
—1 ] + configChecker : IGRightMostComponenty2

interface IGRightMostComponenty2{
isGRightMostComponenty2{OrderedSet<Set<String > > componentMames);
}

=] GRightMostComponentCheckery2

{let groups: OrderedSet{Set(CLACSProfile:: Componentinstance)) = componenthames -=
iterate(g; groupSet: OrderedSet(Set{CLACSProfile: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component.ownedAttribute -=
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -=

select(c| g -= includesic.name)) in groupSet append(aGroup)) in

self successorsOfigroups -= at(2), groups) -= size() = 0}

4.24 (24) GRestrictedComponentsInLayerCheckerV2

Variant type: Group

Semantics: The 2nd group of components among selected groups has only one
component.

Configuration:



IGRestricted ComponentsinLayery2
+ configChecker : IGRestricted ComponentsinLayery2

interface IGRestrictedComponentsinLayery2{
isGRestricted ComponentsInLayerV2(OrderedSet <Set <String > > componentNames);
1

%] GRestrictedComponentsinLayerCheckery2

{let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) = componertiames -=
iterate(g; groupSet: OrderedSet{Set{CLACSProfile:: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component owned Attribute -=
select{oclsTypeOf(CLACSProfile:: Componentinstance)) -=

select(c| g -= includes(c.name)) in groupSet.append(aGroup)) in

groups -= at(2) -= size() =1}

4.25 (25) GDisconnectedComponentsCheckerV1

Variant type: Group

Semantics: Every component in the 1st group of components must be disconnected
to other components in the same group.

Configuration:

IGDisconnectedCompanentsyl
—D + configChecker : IGDisconnectedCompeonentsVl

interface IGDisconnectedComponentsyl{
hasDisconnectedComponents(OrderedSet<Set<5tring > > compaonentMames);

}

=] GDisconnectedComponentsCheckervl

{let groups: OrderedSet(Set(CLACSProfile::Componentinstance)) = componenthlames
-= terate(y; groupSet: OrderedSet{Set{CLACSProfile: Componentinstance)) =
OrderedSet{} | let aGroup = self base_Component ownedAttribute -=
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -

select(c| g -» includes{c name)) in groupSet append{aGroup)) in

groups -= at(1) -= for&ll(c1, c2 | self edgesBetween(cl, c2) -= size() = 0)}

4.26 (26) GDisconnectedComponentsCheckerV?2

Variant type: Group

Semantics: Every component in the 2nd group of components must be
disconnected to other components in the same group.

Configuration:



IGDisconnectedComponentsy2

_D + configChecker : IGDisconnectedComponents2

interface IGDisconnectedComponentsv2{
hasDisconnectedComponents{OrderedSet<Set<String > > componentMames);

}

=] GDisconnectedComponentsCheckery2

{let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) = componentMames
-= iterate(g; groupSet: OrderedSet(Set{CLACSProfile: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component ownedAttribute -=
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -=

select(c| g -» includes{c.name)) in groupSet append(aGroup)) in

groups -= at(2) -= forAll{c1, c2 | self edgesBetween(c1, c2) -= size() = 0)}

4.27 (27) CILimitedConnectorsChecker

Variant type: Context Independent
Semantics: There are at most 1 connector between each pair of components.
Configuration:

ICILimitedConnectors
_D + configChecker : ICILimitedConnectors

interface ICILimitedConnectors{
hasClLimitedConnectors();
}

=1 Cllimited ConnectorsChecker

{self.base_Component.ownedAittribute -
select{oclsType Of(CLACSProfilenComponentInstance)) - » fordll(cl, c2 |
edgesBetween(cl, c2) -» size() <= 1)}

4.28 (28) HLimitedConnectorsChecker

Variant type: Hybrid
Semantics: There is at most 1 connector between each pair of selected components.
Configuration:



IHLimitedConnectors
+ configChecker: IHLimitedConnectors

interface IHLimitedConnectors{
hasHLimited Connectors{Set<String > componentMames);

}

Z JHLimitedConnectorsChecker

{let components : Set{CLACSProfilenComponentlnstance]) =
self.base_Component.owneddttribute ->
select{ocllsTypeOf[CLACSProfile:Componentlnstance)) - > select(c|
componentMames - > includes(c.name)) in components -
fordll{cl, c2 | edgesBetween(cl, c2) - » size() <= 1}

4.29 (29) GLimitedConnectorsChecker

Variant type: Group

Semantics: There are at most 1 connector between each pair of group of
components.

Configuration:

IGLimitedConnectors
—D + configChecker : IGLimited Connectors

interface IHLimitedConnectors{
hasHLimitedConnectors(OrderedSet <Set<5String > > componentMames);

}

=] GlimitedConnectorsChecker

{let groups: OrderedSet(Set(CLACSProfilerComponentlnstance)) =
componentMames - » iterate(g; groupSet:
OrderedSet(Set(CLACSProfile:ComponentInstance)) =
OrderedSet{} | let aGroup = self.base_Component.ownedAttribute - >
select{ocllsTypeOF(CLACSProfile::ComponentInstance)) - »

select(c| g - » includes{c.name)) in groupSet.append(aGroup)) in
groups - > forAll(gl, g2 | self.edgesBetweenigl, g2) - = size() <=1}




4.30 (30) in CIPipesAndFilters

{=elf base_Component ownedAttribute -=
select{oclsTypeOf{ CLACSProfie: Componertinstance)) -=
foral{ct, o2 | el .successors]) -> includes(c?) implies ¢2 -»
closurelsuccessors()) -» excludes(c2))}

4.31 (31) in HPipesAndFilters

{let components | Set{CLACSProfile:: Componentinstance)) =

self base_Component ownedAttribute -=
select{oclsTypeOf{ CLACSProfile:: Componentinstance)) -=
select(c| componentMames -> includes(c.name)) in components -=
foralict, o2 | 1 successors{components) -= includes{c2) implies
c2 -» closure(successors{components)) -= excludes(c2))}

4.32 (32) in GPipesAndFilters

1let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) =
componentMames -= iterate(q; groupSet:

OrderedSet(Set{CLACSProfile:: Componentinstance)) =

Ordered3et{}| let aGroup = self base_Component.ownecdAttribute -=
select{oclsTypeOf{CLACSProfile:: Componertinstance)) -=

select(c| g -= includes(c.name)) in groupSet append(aGroup)) in

groups -= for&ligl, g2 | self successorsOf{gl, groups) -= includes{g2)
implies let groupClosure ; OrderedSet{Set(Property)) = OrderedSet{g2}in
groupClosure -= closure(self successorsOf(g2, groups)) -=
excludesigl))}




4.33 (33, 34, 35, 36) in PAC

{let groups: OrderedSet(Set{CLACSProfile::ComponentInstance)) = componentMames - » iterate(g; Dy

groupSet: OrderedSet(Set{CLACSProfilenComponentInstance)) =

OrderedSet{}] let aGroup = self base_Component.ownedfttribute ->

select(ocIsType OFCLACSProfile:Componentlnstance)) -»

select(c] g - > includes{c.name)) in groupSet.append(aGroup)) in

--Each componentin an agent should be connected

groups - > for&ll{g | g - = forAll( ¢ | cisConnected()))

and

--The number of components in an agent that are connected to only one other component is equal to 2

groups - > forAll(g | g - > for&ll (c | c.base_Component.owned&ttribute - >

select(oclsType OF(CLACSProfile:ComponentInstance))

-» fordll(c | c.neighbors() - size() <= 2)))

and

--There are exactly 3 components in each agent

groups - > for&ll{g | g - > for&ll {c | c.base_Compenent.ownedAttribute -

select{oc/IsType OF(CLACSProfile:ComponentInstance)) - =size() = 3))

and

--For every agent, there is anly the Controller (3rd component) connected to the outside

groups - > forAll(g | g - > for&ll (c | c.base_Component.ownedConnector - > one{con | con.kind =

Connectorkind::delegation and con.end.partWithPort - >any(p | p <>c)successors() - » sizel) = 0)))}
4.34 (37, 38, 39, 40) in GFacade

{let groups: Set{Set{CLACSProfile:: Componentinstance)) = componentiames -> iterate(g; groupSet: KN

Set(Set(CLACSProfile: Componentinstance)) =

Set{}| let aGroup = self base_Component.ownedAttribute -> select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -=
select(c| g -= includes(c.name)) in groupSet append{aGroup)) in

let facade | CLACSProfile: Componentinstance = self base_Component ownedattribute > any(name = facadeName) in
--All companents in the client layer which want to pass through the sub-system layer must pass through the facace component
self edgesBetweeniclientComps, subSystemComps) targetProperty() -= size() =1

an

self edgesBetween(clientComps, subSystemComps) targetProperty() -= asSequence() -= first() = facade

an

--All successors of facade must be in the sub system

groups -= last() -= includesAll( facade successors())

ancd

--&ll predecessors of facade must be in the client layer

groups -= first() -= includesAl{facade predecessors())

ancd

--Facade must be connected to at least one component of the subsystem

facade successors() -> size() = 0}




4.35 (41, 42, 43, 44, 45, 46) in GReplicated Component

{let groups: Set(Set(CLACSProfile:: Componentinstance)) = componentMames -»
terate(q, groupSet: Set{Set{CLACSProfile:: Componentinstance)) =

Set{}] let aGroup = self base_Component ownedAttribute -=

select{oclsTypeOf{ CLACSProfile:: Componentinstance)) -=

select(c| g -» includes(c namea)) in groupSet append{aGroup)) in

-- There are 5 layers

groups = size() =5

and

-- The Sth layer has only predecessors

self successorsOfigroups -= at(S), groups) -= size() =0

an

-- Componerts in the 3rd layer (replicated component layer) are not connected to each
ather

groups -= at(3) -> for&l{c1, c2 | self edgesBetween(cl c2) -= size() = 0)

and

-- Components in the 4th layer (centralizer layer) are not connected to each other
groups -= at(4) -» for&ll{c1, c2 | self edgesBetween(c1, c2) -= size() =0)

and

--There are more than one replicated components inthe 3rd layer

groups -= at(3) -» size() = 1

and

--Replicated components should be connected to etther dispatchers and centralizers
groups -= at(3) -= for&lic| ¢ predecessors() -= notEmpty() and c. successors() -=
notEmpty (1)}

4.36 (47,50, 53) in CIRing

--Each component are connected to exactly 2 other components
{zelf base_Component ownedAttribute -»
select{oclsTypeOf{CLACSProfie: Componentinstance)) -= forAllic |
c.neighbors() -= size() = 2)

and

--There is no component having only successors

self base_Component ownedattribute -=
select{oclsTypeOf{CLACSProfile: Componertinstance)) -> selectic |
cpredecessors() -= size() =0) -= size() =0

ancl

--There is no component having only predecessors

zelf base_Component ownedAttribute =

select{oclsTypeOf{ CLACSProfile:: Componertinstance)) -» selectic |
c.successors)) -» size() = 0) -» size() = 0}




4.37 (48, 51, 54) in HRing

{let components : Set(CLACSProfile: Componentinstance)) = KN
zelf base_Component ownedAttribute -= select{oclsTypeOf(CLACSProfile: Componentinstance)) -
= select(c] componentMames -= includes(c.name)) in

--Each component among selected components are connected to exactly 2 other components
components -=forAll{c| c.neighbors{components) -= size() = 2)

and

--There is no component having only successors in the selected components

components -= selectic | ¢ predecessors{components) -= size() = 0) -= size() =0

and

--There is no companent having only predeccessors in the selected components

components -= selectic | ¢ successors{components) -= size() = 0) -= size() =0

}

4.38 (49, 52, 55) in GRing

{let groups: OrderedSet{Set{CLACSProfile:: Componentinstance)) = componentMames -= terate(q;
groupSet: OrderedSet{Set{CLACSProfile: Componentinstance)) =

OrderedSet{}| let aGroup = self base_Component ownedattribute -=

select{oclsType Of{CLACSProfile:: Componertinstance)) -=

selectic] g -= includes(c.name)) in groupSet append(aGroup)) in

-- Each group of components should be connected to exactly 2 other groups of components
groups -=forAll{g| self neighborsOf{g, groups) -= size() = 2)

and

--There is no group of components having only successors

groups -= select(g | self predecessorsOf{g, groups) -» size() = 0) -» size() =0

and

--There is no group of components having only predecessors

groups -= select(g | self successorsOfig, groups) -» size() = 0) -» size() =0

}

4.39 (56,57, 58) in Microkernel

{let groups: OrderedSet(Set{CLACSProfile:: Componentinstance)) = componentiames -» terate(g; &N
groupSet: OrderedSet{Set{CLACSProfile:: Componentinstance)) =
OrderedSet{}| let aGroup = self base_Component.ownedAttribute -=
select{oclsTypeOf{CLACSProfile: Componentinstance)) -»

select(c] g -= includes(c.namea)) in groupSet append{aGroup)) in

-- There are exactly 4 layers

groups -=size() = 4

and

--The 3rd layer (microkernel layer) has only 1 component

groups -= at{3) -= size() =1

and

--The 4th layer (internal server layer) has only predecessors

self successorsOf{groups -= at(4), groups) -= size(i =0

H




4.40 (59) in CIMVC

{=elf base_Componert ownedAttribute -»
selectiocleTypeOf{CLACSProfie:: Componentingtance)) -»gize() = 3}

4.41 (60) in HMVC

{let components | Set(CLACSProfile:: Componentinstance)) =

self base_Component ownedAttribute -=
zelect{oclsTypeOf{CLACSProfie: Componertinstance)) -= select{c|
componentMames -= includes(c.name)) in

--There are exactly 3 selected components

components -= size() = 3}

5 List of architectural patterns represented by constraint
components

This section will represent the pattern catalogue presented in Section 3 but patterns
are described by composing constraint components.

5.1 (1) CIPipesAndFiltersChecker

Variant type: Context Independent
Semantics: Pipes and Filters pattern
Configuration:



«Components
ClIPipesAndFiltersChecker

+ configChecker : IPipes&ndFilters I:

structure

interface ICIPipesAndFilters{
isCIPipesAndriters();
I

{self base_Component.ownedattribute -
select(oclsTypeOf{CLACSProfile:; Componentinstance)) -=
foral(e1, c2 | c1 successors() -» includes(c2) implies c2 -»
closure(successors()) -= excludes(c2))}

+ checkerl: CIConnectedComponentsChecker

structure

+ configChecker : [CIConnectedComponents

+ checker? : CISameDirectionConnectorsChecker

structure

+ configChecker : ICISameDirectionConnectors

5.2 (2) HPipesAndFiltersChecker

Variant type: Hybrid

Semantics: Pipes and Filters pattern

Configuration:




=Components
HPipes&ndFiltersChecker

structure

interface IHPipesAndFilters{
isHPipesAndFilters(Set<String » compenentMames);

}

{let components ; Set{CLACSProfile;; Componentinstance)) =

self base_Component.ownedAttribute ->
select(oclsTypeOf(CLACSProfile:; Componertinstance)) -»
select(c| componentMames -= includes(c.name)) in components ->
forall{c1, c2 | el .successors{components) -= includes(c2) implies
2 -= closure(successors(components)) -» excludes(c2))}

+ checkerl : HConnectedComponentsChecker
structure

+ configChecker : IHConnectedCompenents

+ checker? : HSameDirectionConnectorsChecker
structure

+ configChecker | IHPipes&ndFilters |:
+ configChecker : IHSameDirectionConnectors

5.3 (3) GPipesAndFiltersChecker

Variant type: Group
Semantics: Pipes and Filters pattern
Configuration:



«Components
GPipes&ndFiltersChecker

+ configChecker : IGPipesAndFilters |:

structure

interface IGPipesAndFilters{
isGPipesfndFilters(Set<Set<String » »componentNames);
}

{let groups: OrderedSet(Set{CLACSProfile: Componentingtance)) =
componentMames -= terate(g; groupSet:

OrderedSet{Set{CLACSProfile:: Componentinstance)) =

OrderedSet{}| let aGroup = self base_Componert.ownedAttribute =
select{oclsType Of{CLACSProfile:: Componentinstance)) ->

select(c] g -= includes{c.name)) in groupSet append{aGroup)) in

groups -= foraligl, g2 | self successorsOf{gl, groups) -= includes(g2)
implies let groupClosure | OrderedSet{Set{Property)) = OrderedSet{g2}in
groupClosure -> closure(self.successorsOf{g2, groups)) -»
excludes{gl))}

AN

+ checkerl: GConnectedComponentChecker
structure

+ configChecker: IGConnectedComponent

+ checker? : GSameDirectionConnectorsChecker
structure

+ configChecker: IGSameDirectionConnectors

5.4 (4) CILayerChecker

Variant type: Context Independent

Semantics: Layer pattern
Configuration:




«Components
CllayerChecker

structure

interface ICILayer{
isClLayer();
}

+ checkerl: CIConnectedComponentsChecker

structure

+ configChecker ; ICIConnectedComponents

+ checker? : CllimitedMeighborsChecker

structure

+ configChecker: ICILimitedNeighbaors

+ checker3: CIFirst&ndLastChecker

structure

+ configChecker: ICILayer + configChecker: ICIFirstAndLast

5.5 (5) HLayerChecker

Variant type: Hybrid
Semantics: Layer pattern
Configuration:



«Components
HLayerChecker

+ configChecker : IHLayer |:

structure

interface IHLayer{
isHLayer(Set<String > componentMames);
t

+ checkerl: HConnectedComponentsChecker

structure

4[; + configChecker : [HConnectedComponents

+ checker? : HLimitedMeighborsChecker

structure

+ configChecker : IHLimitedNeighbors

+ checker3 | HFirst&ndlastChecker

structure

+ configChecker : IHFirstAndLast

5.6 (6) GLayerChecker

Variant type: Group
Semantics: Layer pattern
Configuration:




=Components
GlayerChecker

structure

interface IGLayer{
isGLayer{OrderedSet <Set<String » »componentMames);
1

+ checkerl: GConnectedComponentChecker

structure

4[9 + configChecker ! IGConnectedComponent

+ checker? : GLimitedMeighborsChecker

structure

+ configChecker : IGLimitedMeighbors

+ checkerd : GFirstAndlastChecker

structure

+ configChecker: IGLayer
I: + configChecker : IGFirstAndLast

5.7 (7) ClLayredPipesAndFiltersChecker

Variant type: Context Independent
Semantics: Layered Pipes and Filters pattern
Configuration:



«Components
ClLayeredPipesAndFiltersChecker

+ configChecker : ICILayeredPipesAndFilters |:

structure

}

interface ICILayeredPipesAndFitters{
isClLayeredPipesAndFiters(),

+ checkerl: CllayerChecker

structure
+ configChecker : ICILayer

+ checker? : CISameDirectionConnectorsChecker

structure

+ configChecker : ICISameDirectionConnectors

+ checker3 : ClRestrictedLeftMostComponentChecker

structure
+ configChecker : [CIRestrictedl eftMostComponent

+ checkerd : CIRestrictedRightMostComponentChecker

E

structure
+ configChecker : ICIRestrictedRightMostComponent

5.8 (8) HLayredPipesAndFiltersChecker

Variant type: Hybrid

Semantics: Layered Pipes and Filters pattern

Configuration:




«Components
HLayredPipesAndFiltersChecker

structure

interface IHLayredPipesAndFilters{
isHLayredPipes&ndFilters(Set<String > componentMames);

+ checkerl : HLayerChecker

structure
+ configChecker : IHLayer

+ checker? : HSameDirectionConnectorsChecker

structure

+ configChecker : IHSameDirectionConnectors
+ checkerd : HRestrictedLeftMostComponentChecker
structure
+ configChecker : IHRestrictedLeftMostComponent
+ checkerd : HRestrictedRightMostComponentChecker
structure
+ configChecker : IHLayredPipesAndFilters |: + configChecker : IHRestrictedRightMostComponent

5.9 (9, 10) GLayredPipesAndFiltersChecker

Variant type: Group
Semantics: Layered Pipes and Filters pattern, N-tier pattern
Configuration:



«Components
GlLayredPipesAndFiltersChecker

structure

interface IGLayredPipesAndFilters{
isGLlayredPipesAndFilters(Set<Set<5tring » »componentNames);

+ checkerl : GLayerChecker

structure

+ configChecker : [GLayer

+ checker? : GSameDirectionConnectorsChecker

structure

+ configChecker : IGSameDirectionConnectors
+ checkerd : GRestrictedLeftMostComponentChecker
structure
+ configChecker : IGRestrictedLeftMostComponent
+ checkerd : GRestrictedRightMostComponentChecker
structure
+ configChecker: IGLayredPipesAndFilters + configChecker : [GRestrictedRightMostComponent

5.10 (11) CIMVCChecker

Variant type: Context Independent
Semantics: MVC pattern
Configuration:



«Components

+ configChecker : ICIMYC |:

CIMVC Checker
structure
interface ICIMYC{ AN
isCIMWCL);
¥
kN

{=elf base_Component ownedAttribute -=
select{oclsTypeOf(CLACSProfile:: Componentinstance)) -=size() = 3}

+ checkerl : CIConnectedComponentsChecker
structure

+ configChecker: ICIConnectedComponents

+ checker? : CIFirst&ndLastChecker
structure

+ configChecker: ICIFirstAndLast

5.11 (12) HMVCChecker

Variant type: Hybrid
Semantics: MVC pattern
Configuration:




«Components

HMVC Checker
structure
interface IHMWC{
isHMWC(Set <String > componentMames);
}

{let components : Set{CLACSProfile:: Componentinstance)) =

self base_Component.ownedAttribute -=
select{oclsTypeOf{CLACSProfile:: Componentinstance)) -> select(c|
componentlames -> includes(c .name)) in

--There are exactly 3 selected components

companents -> size() = 3}

+ checkerl: HConnectedCamponentsChecker
structure

+ configChecker : IHConnectedComponents

+ checker? : HFirstAndLastChecker
structure

+ configChecker : HMVC [

+ configChecker : IHFirstAndLast

5.12 (13) GMVCChecker

Variant type: Group
Semantics: MVC pattern

Configuration:
«Components:
GMVCChecker
structure
interface IGMWIC{
isGMVC{Set<Set<String > » componentMames);
}

+ checkerl: GConnectedComponentChecker
structure

+ configChecker: IGConnectedComponent

+ checker? | GRestrictedComponentCheckerV
structure

+ configChecker : IGRestrictedComponentV3

+ checker3 : GFirstAndLastChecker
structure

+ configChecker: IGMWVC |:

+ configChecker : IGFirstAndLast




5.13 (14) GPACChecker

Variant type: Group

Semantics: PAC pattern

Configuration:

«Components
GPACChecker

structure

interface I[GPAC{
isGPAC(Set<Set <String > » componentMames);
}

{let groups: OrderedSet(Set(CLACSProfile:Componentlnstance)) = componentMames - > iterate(g;
groupSet: OrderedSet(Set{CLACSProfile:Componentlnstance)) =

OrderedSet{} | let aGroup = self.base_Component.ownedAttribute - >

select(oclsType OF(CLACSProfile: Componentnstance)) - >

select(c| g -» includes(c.name)) in groupSet.append(aGroup)) in

--Each componentin an agent should be connected

groups - > fordll(g | g - > forll{ ¢ | c.isConnected()))

and

--The number of companents in an agent that are connected to only one other component is equal to 2
groups -> for&ll{g | g - > forAll (c | c.base_Component.ownedAttribute ->

select{ocllsType OF(CLACSProfile: Componentlnstance))

- = fordllic | coneighbors( - > size() <= 2)))

and

--There are exactly 3 compeonents in each agent

groups -> fordll(g | g - > fordll (c | c.base_Component. ownedAttribute - >

select(ocllsType OF(CLACSProfile: Componentnstance)) - >size) = 3))

and

--For every agent, there is only the Controller (3rd component) connected to the outside

groups -> for&ll{g | g - > forAll (c | c.base_Component.ownedConnector - > onelcon | con.kind =
ConnectorKind::delegation and con.end partWithPort - >any(p | p <>c)successors -» size() = M)}

Dy

+ configChecker: IGPAC

| + checkerl : GlayerChecker
structure

+ configChecker : IGLayer

5.14 (15) CIPipelineChecker

Variant type: Context Independent

Semantics: Pipeline
Configuration:

pattern




«Components
CIPipelineChecker

structure

inteface ICIPipline{
isCIPipeline);

+ checkerl: ClLayerChecker

structure

+ configChecker | ICILayer

+ checker? : ClLeftMostComponentChecker

structure

+ configChecker: [CILeftMostComponent

+ checker3 : CIRightMostComponentChecker

structure

+ configChecker : [CIRightMostComponent

+ checkerd : CllimitedConnectorsChecker

+ configChecker : ICIPipeline [£

structure

+ configChecker  ICILimitedConnectors

5.15 (16) HPipelineChecker

Variant type: Hybrid
Semantics: Pipeline pattern
Configuration:




«Components
HPipelineChecker

structure

interface IHPipeline{
isHPipeline(Set<5tring » compenentMames);

+ checkerl: HLayerChecker

structure

+ configChecker : IHLayer

+ checker? : HLeftMostComponentChecker

structure

+ configChecker : IHLeftMostComponent
+ checker3 : HRightMostComponentChecker
structure
+ configChecker : IHRightMostComponent
+ checkerd : HLimitedConnectarsChecker
structure
+ configChecker : IHPipeline
|: + configChecker : IHLimitedConnectors

5.16 (17) GPipelineChecker

Variant type: Group
Semantics: Pipeline pattern
Configuration:



«Compaonents
GPipelineChecker

structure

interface IGPipeline{
isGPipeline(Set<Set<String > > componentMames);

+ checkerl: GLayerChecker

structure

+ configChecker : IGLayer

+ checker? : GleftMostComponentChecker

structure

+ configChecker: IGLeftMostComponent

+ checkerd: GRightMostCompeonentChecker
structure

+ configChecker: IGRightMostComponent

+ checkerd : GLimitedConnectorsChecker
structure
+ configChecker : IGPipeline [
+ configChecker: IGLimitedConnectors

5.17 (18) GIndirectionLayerChecker

Variant type: Group
Semantics: Indirection Layer pattern
Configuration:



«Components
GlndirectionLayerChecker

structure

interface [GIndirectionLayer{
isGIndirectionLayer(Set <Set<String> > componentMames);

}

+ checkerl : GlayredPipesAndFiltersChecker
structure

+ configChecker : IGLayredPipesAndFilters

+ checker? : GRestrictedComponentCheckerV3

structure
+ configChecker : IGRestricted Componenty3
+ checkerd : GRightMestComponentCheckerV3
structure
+ configChecker : IGRightMastComponenty3
+ checkerd : GValidWrappersCheckery2
structure
+ configChecker: IGValidWrappersy2
+ checker5 : GDisconnectedComponentsCheckery2
structure
+ configChecker : [GIndirectionLayer |: + configChecker: IGDisconnectedComponentsy2

5.18 (19, 20, 21) GStarChecker

Variant type: Group

Semantics: Shared Repository pattern, Active Repository pattern, Black Board
pattern

Configuration:



«Components
GStarChecker

+ configChecker : IGStar |:

structure

interface IGStar]
isGStar(Set<Set<String » > componentMames);

}

| + checkerl: GConnectedComponentChecker
structure

+ configChecker: [GConnectedComponent

+ checker? : GSameDirectionConnectorsChecker
structure

+ configChecker: IGSameDirectionConnectors

+ checker3 : GRestrictedComponentsCheckery2
structure

+ configChecker: IGRestrictedComponentsy/2

+ checkerd : GRightMostComponentCheckery2
structure

+ configChecker: IGRightMostCompenenty2

5.19 (22) GFacadeChecker

Variant type: Group

Semantics: Facade pattern

Configuration:

«Component»
GFacadeChecker

structure

interface IGFacade{
isGFacade(Set> componentiames, String facadeMame);
i

{let groups: Set(Set(CLACSProfile:Componentinstance}) = componentMames -> iterate(g; groupSet:
Set(Set{CLACSProfile:: Componentinstance)) =

Set{}| let aGroup = self base_Component.ownedAttribute -» select(oclsTypeOf{CLACSProfile:: Componentinstance)) -=
select(c| g -= includes(c name)) in groupSet append(aGroup)) in

let facace | CLACSProfi omponentinstance = self base_Component ownedAttribute -= any(name = facadeName) in

--All components in the client layer which want to pass through the sub-system layer must pass through the facade component
self edgesBetween(clientComps, subSystemComps) targetProperty() -> size() = 1

and

self edgesBetween(clientComps, subSystemComps) targetProperty() -» asSequence() -> first() = facade

and

--All successors of facade must be in the sub system

groups -= last() -= includesAll(facade successors())

and

--All predecessors of facade must be inthe client layer

groups -> first() -> includes Al facade predecessors())

and

--Facade must be connected to &t least one component of the subsystem

facade successors() -> size() = 0}

+ checkerl : GStarChecker
structure

+ canfigChecker : 16Facade | |

[E] + configChecker : [GStar




5.20 (23) GReplicatedComponentChecker

- Variant type: Group
- Semantics: Replicated Component pattern

- Configuration:

«=Components
GReplicatedComponentChecker

+ configChecker: IGReplicatedComponent |:

structure

interface IGReplicatedComponent]
isGReplicatedComponent(Set<Set<String > > componentNames);

}

{let groups: Set{Set(CLACSProfile:: Componertinstance)) = componentMames -=
teratelg; groupSet: Set(Set{CLACSProfile: Componentinstance)) =

Set{}|let aGroup = self base_Component ownedAttribute -=

select{ocllsTypeOf{ CLACSProfie: Componentinstance)) -=

select(c| g -» includes(c.name)) in groupSet append(aGroup)) in

-- There are 5 layers

groups -> size() =5

and

-- The Sth layer has only predecessors

self successorsOfigroups -= at(5), groups) -= size() =0

and

-- Components in the 3rd layer (replicated component layer) are not connected to each
other

groups -> at(3) -= foral(c, c2 | self edgesBetween(cl, ¢2) -= size() = 0)

and

-- Components in the 4th layer (centralizer layer) are not connected to each other
groups -> at(4) -= foral(c1, c2 | self edgesBetween(cl, c2) -= size() = 0)

and

--There are more than one replicated componerts in the 3rd layer

groups -= at{3) -= size() =1

and

--Replicated components should be connected to either dispatchers and centralizers
groups -> at{3) -= forall(c| c predecessors() -= notEmpty() and c. successors() -=
notEmpty(})}

[N

+ checkerl: GLayredPipesfndFiltersChecker
structure

+ configChecker : IGLayredPipesAndFilters

+ checker : GDisconnectedComponentsCheckery2

structure

+ configChecker : IGDisconnectedComponentsy?

5.21 (24) CIRingChecker

Variant type: Context Independent

Semantics: Ring pattern
Configuration:




«Components:
CIRingChecker

+ configChecker : ICIRing

structure

interface ICIRing{
isCIRiIng();
i

--Each component are connected to exactly 2 other components
{self base_Component ownedAttribute -=
select{oclsTypeOf{CLACSProfile:: Componentinstance)) -= forall(c |
cneighbors() -= size() = 2)

and

--There is no component having only successors

self base_Component.ownedAttribute -=
select{oclsTypeOf{CLACSProfile:; Componentinstance)) -= selectic |
c predecessors() -» size() = 0) -= size() =0

and

--There is no component having only predecessors

self base_Component.ownedAttribute -=
select{oclisTypeOfiCLACSProfile: Componentinstance)) -» select(c |
c.successors() -= size() = 0) -» size() =0}

+ checkerl: CIConnectedComponentsChecker

structure

+ configChecker: ICIConnectedComponents

+ checker? : CllimitedConnectorsChecker

structure

+ configChecker : ICILimitedConnectors

5.22 (25) HRingChecker

Variant type: Hybrid
Semantics: Ring pattern
Configuration:




«Components
HRingChecker

structure

interface IHRing{
isHRing(Set<String > componentMames);
1

{let components : Set(CLACSProfile:Componertinstance)) = kN
self base_Component.ownedAttribute > select{ocllsTypeOf{CLACSProfile: Componentinstance)) -
= select(c| componenthames -= includes(c name)) in

--Each component among selected components are connected to exactly 2 other components
components -=forAll(c] ¢ neighbors{components) -> size() = 2)

and

--There is no component having only successors inthe selected components

components -= selectc | c predecessors(components) -= size() = 0) -= size() =0

and

--There is no component having only predeccessors in the selected components

components -> select(c | ¢ successors(components) = size() = 0) -> size() = 0

1

+ checkerl: HConnectedComponentsChecker
structure

+ configChecker : IHConnectedComponents

+ checker : HlimitedConnectorsChecker
structure

+ configChecker : HRing |:

+ configChecker : IHLimitedConnectors

5.23 (26) GRingChecker

Variant type: Group
Semantics: Ring pattern
Configuration:



«Components

+ configChecker : IGRing |:

GRingChecker
structure
interface IGRing{
isGRing(Set <Set<String > > componentMames);
}

{let groups: OrderedSet{Set(CLACSProfile:: Componentinstance)) = componentMames -= terate(g;
groupSet: OrderedSet{Set(CLACSProfile:: Componentinstance)) =

OrderedSet{}| let aGroup = self base_Component ownedAttribute -=
select{oclsTypeOf{CLACSProfile: Componentinstance)) -=

select(c| g -= includes{c.name)) in groupSet append{aGroup)) in

-- Each group of components should be connected to exactly 2 other groups of components
groups -=forAll{g| self neighborsOf{g, groups) -= size() = 2)

and

--There is no group of components having only successors

groups -= select(qg | self predecessorsOfig, groups) -» size() = 0) -» size()=0

and

--There is no group of components having only predecessors

groups -= select(y | self successorsOf{g, groups) -= size() = 0) -= size() =0

1

+ checkerl : GConnectedComponentChecker
structure

+ configChecker: IGConnectedComponent

+ checkerd : GLimitedConnectorsChecker
structure

+ configChecker: IGLimitedConnectors

5.24 (27) GLegacyWrapperChecker

Variant type: Group

Semantics: Legacy Wrapper pattern

Configuration:




«Components
GlegacyWrapperChecker

structure

interface [GLegacyWrapper{
isGLegacyWrapper(Set<Set<5tring > > componentMNames);
1

+ checkerl : GIndirectionLayerChecker
structure

+ configChecker : IGIndirectionLayer

+ checker? : GRestrictedComponentsinLayerCheckery2
structure

+ configChecker: IGLegacy‘M'apper[ + configChecker : IGRestrictedComponentsnLayery2

5.25 (28) GClientServerChecker

Variant type: Group
Semantics: Client Server pattern
Configuration:

=Components
GClientServerChecker

structure

interface IGClientServer{
isGClientServer(Set <Set<String > > componentNames);
}

+ checkerl: GStarChecker

structure
+ configChecker: IGStar

+ checker? : GDisconnectedComponentsCheckerVl

structure

figChecker : IGClientS g
* contighecker lentagnvel + configChecker : IGDisconnectedComponentsyl

5.26 (29) GMicrokernelChecker

Variant type: Group
Semantics: Microkernel pattern
Configuration:



+ configChecker : [GMicrakernel

«Components
GMicrokernelChecker

structure

interface IGMicrokernel{
isGMicrokernel(Set<Set<String » > componentMames);

}

{let groups: OrderedSet(Set{CLACSProfile::Componentinstance)) = componentilames -> iterate(g;
groupSet: OrderedSet(Set{CLACSProfile: Componentinstance)) =
CrderedSet{}| let aGroup = self base_Component.ownedAttribute >
select{ocllsTypeOf{CLACSProfile:: Componentinstance)) -

select(c| g -= includes(c.name)) in groupSet append{aGroup)) in

-- There are exactly 4 layers

groups ->sizef) = 4

and

--The 3rd layer {microkernel layer) has only 1 component

groups -> at(3) -= size() =1

and

--The 4th layer (internal server layer) has only predecessors

self successorsOfigroups -= at(4), groups) -> size() =0

¥

[

+ checkerl: GLayredPipesAndFiltersChecker
structure

+ configChecker : IGLayredPipesAndFilters

5.27 (30) GClientServerWithBrokerChecker

Variant type: Group

Semantics: Client Server With Broker pattern

Configuration:




«Components
GClientServerWithBrokerChecker

+ configChecker : IGClientServerWithBroker [

structure

interface IGClientServerWithBroker|
isGClientServerWithBroker(Set<Set<String » » componentMames);

}

+ checkerl: GlayredPipesAndFiltersChecker

structure
+ configChecker : IGLayredPipesAndFilters

+ checker? : GRestrictedComponentCheckerd

structure

+ configChecker : IGRestrictedComponenty3

+ checkerd : GRightMostComponentCheckerV3

structure

+ configChecker : IGRightMostComponent'3

+ checkerd : GValidWrappersCheckery2

structure

+ configChecker: IGValidWrappers'/2

+ checker5 : GDisconnectedCompanentsCheckervl

structure

+ configChecker: [GDisconnectedComponentsyl

5.28 (31) GBusChecker

Variant type: Group
Semantics: Bus pattern
Configuration:




«Components
GBusChecker
structure

interface IGBus{
isGBus(Set<Set<String > > componentMames);

}

| + checkerl: GLegacyWrapperChecker
structure

+ configChecker : IGLegacyWrapper

+ checker? : GDisconnectedComponentsCheckeryl
structure

+ configChecker: IGBus |:

+ configChecker: IGDisconnectedComponentsyl
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