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Motivation

• A good craftsman have a large toolbox

• Connectors are central for many QA

– Perhaps me, but I postulate that architects are pretty 

conservative in choice of connector (including myself )

• ‘We talk REST’ or ‘We talk gRPC’

– Last decade it was ‘We talk SOAP’

– Before that it was .Net Remoting and Java RMI

– Before that it was CORBA (?)

• Remember

– Connectors are not just ‘the wire’, it is the protocol and the ‘driver’ 

code in each end of the wire…
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The same connector 
type: RPC



Decoupling Middleware

• Middleware decisions effect the implementation cost of 

systems significantly

– Learn many architectural styles to ensure you pick the right one
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Source: Nygard 2017, “Release it”. (but little info in the chapter except the diagram.)



The Axes



The Axes

• Same time – different time

– Same time: both sender and receiver is synchronized

• Alias a synchronous call

– Different time: sender and receiver operate at own pace

• Alias an asynchronous call

• Same process – different process

– In the same JVM or across different JVMs

• Or ‘processes’/’programs’

• Same host – different host

– On the same machine or across machines

• Remote or local
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In-Process Method Calls



Method Call

• Synchronous

– account.deposit(7);

• Java does not excel in async, but has library support

• JavaScript, Go and C#’s language support is way 

better…
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Shared Memory



Linux

• In this mounted file system, files are stored in-virtual-

memory, not on the disk-based file system

– Much faster than spinning disks, and faster than SSD

– But of course does not survive reboots…
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Simple Example
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Remote Procedure/Method Call

RPC, RMI, REST, gRPC, …



Introduction

• RPC suits the client-server style

– Client sends request to remote server (and await reply)

– Server compute answer and sends reply back to client

• Broker Pattern

– Mimic modern object oriented style programming

• Use programmatic interface via a Client Proxy

• Examples

– CORBA, DCOM, .NET, Java RMI, gRPC, SOAP+WSDL

• But…

– Could code it using raw Socket, raw HTTP, raw RS232, …
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Explicit Invocation



Key Characteristics

• It is a same time connector

– The server must be present when the client makes it request

• Availability QA is a problem with RPC

– High coupling between client and server – direct call

• Request-reply protocol; server ‘address’ must be known

• It is control oriented

– You ask for something to be done, usually handing over control

• Asynchronous is of course less ‘control’ oriented

• It is event oriented

– A request is an event that it is important to handle

• Ala, do not drop events, as the system is then not reliable
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The Pattern

• Repeating what you know

• The Demise of Broker

– My opinion

• The tooling killed it

• The P2P killed it

• The lack of QA control killed it
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Broker Post-Mortem

• The tooling! Became much to heavy weight

– WSDL + SOAP

– Corba IDL

– gRPC .proto files

• I.e. you generate

code from another

source format

– Keeping two disjoint code bases in sync is not agile and hinder 

refactoring…
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Broker Post-Mortem

• RMI is not a client-server architecture, it is Peer2Peer

– Clients can pass local (remote) objects by reference to the server

– That is, servers can call methods on client objects !!!

• Why is this really, really, bad?

– A) it is no more a client-server architecture, it is p2p

– B) no control of performance on server

• Server needs to call methods on 1.000 remote, slow, clients

– C) hard security issues

• Will you let a server call code on your machine? Naah

– Java 7 totally broke the existing RMI framework!

– D) designers does not get slapped when making ‘big ball of mud’ 

architectures
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Broker Post-Mortem

• You are mostly stuck with auto-generated code, having 

little QA control

– i.e. if there is an getX() and getY() method, then each will become 

a remote call

• Return to ‘chatty interface’ issue in next course!

• Option is to redesign your interfaces to it is avoided

– That is, good design is second to tooling ideas 
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FRDS.Broker

• Sales pitch

– FRDS.Broker is real client-server. Server cannot call methods on 

client objects. Period! (Similar to REST)

– No autogenerated code

• Con: you have to code client proxies and invokers your self

• Pro: Now you can control QA explicitly

• Example

– Client proxy ‘getX()’ will do nothing if local cache is less than 10 

seconds old

– Otherwise, it will bulkload (x,y,z, ….) and cache them

– Bulky interface
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Sales Pitch

• Everybody was flocking towards REST as the silver bullet

– It is architecturally really attractive for scalable systems

– But it is programmatically unattractive

• Very low level coding paradigm

• All abstractions levels (networking/marshalling/domain) are ‘one big 

ball of mud’

• So consider going for ‘hand coded’ brokers instead

– Same architectural qualities

– But much nicer programming model

• And clear separation of abstraction levels…
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REST

• ReST is an architectural pattern, with emphasis on QA 

like performance and scalability

• But at its heart it is still a RPC connector.

– Same time, control oriented, event type

• More detail later…
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Our Case Study

A Temperature Monitoring System



Chemical Plant

• Case Study: Chemical Plant

– Sensor:

• Read temperature of chemical process

– Monitor:

• Show temperature on graphical display

• Alerting if temperature gets high

• Emergency actions if T gets critical

• Connector between source and dest.

– Produce values (from sensor 217)

– Consume values (from sensor 217)

• Note: A bit unfair to RPC, not the normal use case 
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RPC

• Rest server: Measure T every 1.5 s; store internally

• Rest monitor: RPC to fetch T (as JSON) every 2.5 s
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And of course…

• Availability is not high in RPC architectures… 

– … without some good tactics implemented 
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Messaging



Introduction

• Introduce an intermediary

• Wider application than just RPC

– Client sends Message to a MessageQueue with properties

– Consumers register interest in Messages with given properties

– MessageQueue delivers (copies of) Messages to consumers

• Examples

– RabbitMQ, ActiveMQ, Kafka, …
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Implicit Invocation



Key Characteristics

• It is a different time connector

– Producer and consumer are decoupled in time

– Highly decoupled, any producer and any consumer, in any 

number

• It is data oriented

– You provide data, that ‘someone’ may get, no control hand-over

• It is event oriented

– A message is an event

• MQ systems usually do not drop events, and assume someone will 

read them
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Demo

• Using RabbitMQ as Message Broker
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Tuple Space

A Distributed Shared Memory



Introduction

• Introduce an intermediary

• A State oriented connector

– Client writes state to the tuplespace

– Consumers read data from the tuplespace

• Examples

– Few… And obviously not main-stream, see other slide set…

– But – any fast database is actually a tuplespace connector, right?
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Implicit Invocation



Demo

• Using Redis as intermediary
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Key Characteristics

• It is a different time connector

– Producer and consumer are decoupled in time

– Highly decoupled, any producer and any consumer, in any 

number

• It is data oriented

– You provide data, that ‘someone’ may get, no control hand-over

• It is state oriented

– In the sense of opposite that of an event

• There are no events to fear is lost

• But history is lost, only latest data is available
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Case

• Danfoss Drives collaboration many years ago

– Requirement:

• Hard real-time motor control system Performance

• Component ‘plug-in’ architecture Modifiability

– Challenge

• Hard real time loop: read values, compute, actuate

– Within N milliseconds for N very small!

• But, if I plug in a component method call in this loop

– If method call lasts more than M micro-seconds, the hard real time 

constraints cannot be held 

– Solution

• Connector was a tuple space read/write value is ‘constant time’

– Easy to calculate the ‘time budget’
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Summary 

• Middleware decisions effect the implementation cost of 

systems significantly

– Learn many architectural styles to ensure you pick the right one
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Source: Nygard 2017



Summary

• Metaphors for communication

– RPC Phone call

– Messaging Send/Receive a letter

– Tspace Put/Read a message up on a bulleting board
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