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Agenda

* Actor Framework — A Testing Challenge



Our Challenge: Go from this...

JUST N\ﬁ*} | GO Seen at chucksblog.typepad.com
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.. to this




Test Actors Individually! Ty r———— )
File Edit View Prﬂ-ject|

1] =
- Recommendations & @ ||—
. . . F
- Work with multiple small projects
- Test code on the desktop where possible =y B N
Erd
- Skip IDE deployments in favor of RT EXEs I‘] !
o Faster to Object AF: Mon-actor created Actor Cooler of type Simulated Cooler.lvclass
Object AF: Mon-actor sent Coolerlvlib:Launch Interface Msg.lvclass to Actor Cooler
Object AF: Actor Cooler created Actor Dual Fan of type Dual Fanlvclass =
Object AF: Actor Dual Fan sent Timed Loop Controllervliib:Update Msg.vclass te Actor Dual Fan
Object AF: Actor Dual Fan received Timed Loop Controllerviib:Update Msg.vclass
Object AF: Actor Cooler created Actor Dual Pump of type Dual Pump.lvelass |
ni.com Object AF: Actor Cooler created Actor Water Level of type Water Level.lvclass
Object AF: Actor Dual Pump sent Timed Loop Controller.viib:Update Msg.hvclass to Actor Dual Pump Stﬂ'FI'
I Cbject AF: Actor Cooler sent Timed Loop Centroller.vlib:Update Msg.lvelass to Actor Cocler o
Object AF: Actor Water Level sent Timed Loop Controller.ivlib:Update Msg.lvclass to Actor Water Level
Object AF: Actor Dual Fan sent Timed Loop Controller.vlib:Update Msg.hvclass to Actor Dual Fan 2L
Object AF: Actor Dual Pump sent Timed Loop Controller.Ivlib:Update Msg.heclass to Actor Dual Pump
Object AF: Actor Cooler sent Timed Loop Controller.viib:Update Msg.lvelass to Actor Cooler
Object AF: Actor Dual Fan received Timed Loop Controllerviib:Update Msg.vclass
Object AF: Actor Water Level sent Timed Loop Controller.ivlib:Update Msg.lvclass to Actor Water Level
Object AF: Actor Dual Pump received Timed Loop Controller ivlib:Update Msghvclass
Object AF: Actor Cooler received Coolerdviib:iLaunch Interface Msg.vclass




Test Driven Development: Work Flow

Write Tests Design API Test to Fail Implement Test to Pass
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* |solating Actors



Elements of the Actor Model

Msg
Transport

* Actor
An encapsulation of data,
behaviors, and threads

* Message
A unit of information passed
between actors

* Message Transport

A mechanism to move messages
to the destination



Elements of the Actor Model

An Actor can:
j’ﬂ"‘-‘r _I‘-*’F“"L_ * Send a message

A~

— 1

 Launch an actor

* Change how it will
respond to the next
message It receives

oo A0S oo
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How to Test an Actor

s

1

- Actor Under -
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Send a message to the actor...

Caller

H=-== Ezﬂ

Laun=h
i

Send Launch

Interface.vi

K The actor’s enqueuer

Launch Actor.vi Shatur

- =
J Actor Under &t—?
Test Send Failover

Controller Status
Changed.vi

Nested



Receiving a message from the actor...

Caller

Actor Under
Test

Nested




Receiving a message for the nested

Obtain
Message
Clueue.vi

=l

Read
Enqueuer.vi
[HlE-
g
[Hl-
Launch Actor.wi
e (R ] Dequeue.vi
o =
Fead e
Dequeuer.vi

Actor Under
Test

Send Failover
Controller Status

Changed.vi

Nested




Receiving a message for the nested

Read |

Enqueuer.vi
2l e
! [Hl-
Obtain Launch Actora
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9 ' Test Interface.vi
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Receiving a message for the nested
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Clueue.vi
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Read
Enqueuer.vi
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Actor Under
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Send Failover
Controller Status
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Receiving a message for the nested

Read |

Enqueuer.vi
2l e
! [Hl-
Obtain Launch Actora
Eﬂessagg e (R ] Dequeue.vi
LIELIE, I ':f':i' '-':"D H=== E
oy Launch
Read _-LEI Ui
Deaueuer.vi Actor Under >end Launch
9 ' Test Interface.vi

Actor Stub

Send Failover
Controller Status

Changed.vi




Actor Stubs

EI [J Test Harness
E} ﬂ Ul Stub.heclass
- - " Ul Stub.ctl
- li'g'" Receve Message.v
.. [, Write Enqueuer.vi




Actor Stubs — Override Receive Message.vi

Receive Message.vi

Error in

Actorin

|
iy
LT
OET

| Mo Ereor v

Al

error out

out

Actor:Actor Core



Actor Stubs — Override Receive Message.vi

Message in 4| AF_Debug_Trace==TRUE ‘+‘
[:=]
= = i
rl i S
#######
? r={ e Actor out
| (o
—--1 OET
i)
= AEEI: error out
T | — ':'—_':I
Do




Actor Stubs — Override Receive Message.vi

" TruE 'F .uu-.-au-.-.u-.gé

Ul Stub in =l =< ¥0E4 ]| Actor out

=] e = |Enqueuer s

Luclarr

IAF Debug.lvlib:Register Actor Msg.lvclass

Message in 0B freogroscssasssscasassncnasasaoaoaoaoaoaas fi-cccoooooos vl

- | - Ll bS5t | |error out
priority [1328




Interfaces/Low Coupling

<<Actor==
Actor

i

s

<<ACTOR=>> <<ACTOR==>
Cooler Cooler Interface

Fun Fan Delivery Motifier . RefNum S

Water Level . Message Engueuer +|)pdate Fan —

Dual Fan : Message Engueuer +pdate Pump I Abstract methOds

Dual Pump : Mes=age Engueuer +|pdate Temperature

Ul : Message Engueuer

+Launch Interface

+Update Fan Status =<=ACTOR==

+Ipdate Pump Status Cooler Panel

z’;c:ur: C":'rl;"" | Events : Cluster

#5:t I::Etw ut?;“::te +Update Fan .

istop Core +Update Pump —— Concrete Implementations
+|Ipdate Temperature
#Actor Core
#5top Core
#Pre Launch Init

N )




Dependency Injection

|§| [J TestHarness

E} . Ul Stub.lvclass

. - g™ Ul Stub.ctl
> @™ Receive Message.vi
- |, Write Enqueuer.vi
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* Example — Testing a Simple Feature






Our Actors

Evaporative Cooler (Course PrOJect)

ﬂ Cooler Panel.lvclass:Actor Core.vi *

Fan starts 5 seconds after pump starts
Fan A Fan B

Network Endpoint Actors Stop

Metwork Endpoint Actors @

e I GL Search | Q:, Customize™ l

Caller Endpoint

o] & B

Caller Endpo... Mested Endp... Metwork End...

E

Protocols

Desired

Temperature

97




System Diagram

Cooler

Ul Proxy

Water Level Dual Pump




The Sequence Diagram




A Simple Feature




A Simple Feature, Part 1




Agenda

* Example — Testing a Simple Feature
e Actor sends a message



Write
Tests

Design
API

Test to
Fail

E VI Tester - Cooler Testing.lvproj — O
File Edit Window Help
O ®|FF
O @ (o 2| [*
Last Run: 0/9 3 Passed: 0 E¥ Failed: 0 o Skipped: 0

Test Hierarchy

Test Failure Data

= E] Remote Front Panel Msg Routing

E] test Update Fan Forwards to Remote

] test Set Limits Forwards to Caller

] test Set Limits From Endpoint Forwards to Caller
= EE] Cooler Msg Routing

El test Connect Sends Update Fan

El test Connect Sends Update Pump

El test Connect Sends Cached Fan Status

| test Update Fan Status Stores Status

=l ] Failover Controller Msg Routing
E] test Update Sends Failover Controller Status Changed




A V| Tester Test Case

= ' Cocler Msg Routing.lvclass
5 - Wf§" Cooler Msg Routing.ctl

E,,]""' private

---‘.-

-
=
=
m
sl
m
[

testExamplewvit

temp_VI_UnderTest.vi

test Connect Sends Update Fan.vi

test Connect Sends Update Pump.vi

test Connect Sends Cached Fan Status.vi

test Update Fan 5tatus Sends Update Fan to Ul

SEEEEEEEET

test Update Fan Status Stores Status.vi




Setup

{o| TARGET_TYPE==RT =}
reference ir1| reference out]
0B.J i W—{}057] |
Obtain Message Clueue.vi
% ] AT 2 TS L L L L L L L L L L L L L L L L L L L LN N L RN L L I:: a I | Er
e Actor
Turn off updates
| Timed FII | ;I Ul StLIh
Ej Fall :
Fiate E
Read Enqueuer.vi £
s
lerrer in (ne error)| L:Elh A error out
il e 5

Launch Actor.wi

AEEEE] & AARE R AR R AR R AR R R AR R AR R AR R AR R A AR R AR AR R A AR R AR R AR R AR R A AR A AR R AR R AR R AR R R R

FA
°f

/Can't call this before the actor launches|

Iﬁil Ent:

Dependency injection




The Unit Test

This diagram is for convenience to enable skipping a test easily (enable "Skip' case]

TestCase out

ot ettt s Emabled <B
[oB1y | B
E T T Read Dequeuervi — :
ub P el | =
r Actor I‘?‘Fﬂl e ma@_m
=] Atrkibr

= B
“
£ 3
E

_ 1000

- =] m il

error in (no error)| | T

= . i g N i

Send Failover Controller Status Changed.vi Dequeue.vi

Send the (abstract) message Receive the response Evaluate

error aut
B



Tip: Dequeue Timeout

[0 1¥

This diagram is for convenience to enable skipping a test easily (enable "Skip’ case]
' | Enabled |

TestCase out

—mo

i T |
- Read Dequeuervi
Ul Stub prorrrrereeeereer el | =] :
=t ||:'|_ + |-;"_F-;"; | Update M =]
e =] A0 Far aﬁkrkib\r

= B
“
£ 3
E

= 1000 K
- =] " il =
error in (no error)| 'F) ey
= 7 g MY .y
Send Failover Controller Status Changed.vi Dequeue.vi

Set a timeout here!

error aut
B



Tip: Cast to More Specific

This diagram is for convenience to enable skipping a test easily (enable "Skip’ case]
' | Enabled |

[TestCase out
[oE1¢ u T ]
; Read Dequeuervi :
L. Ul Stub prorrrrereeeereer el | =]

|E| S ==
':..-;:':..;- Update gy
ﬂtctl:r E Iﬂl Fan E’Akrkih

= B
“
£ 3
E

= 1000 k
- =] " il =
error in (no error)| F| | T error out
ot = &t—? 1 — m et
Send Failover Controller Status Changed.vi Dequeue.vi

Lets you inspect return values!




Tip: Write Accessors on Messages

This diagram is for convenience to enable skipping a test easily (enable "Skip’ case]
' | Enabled |

[TestCase out
[oE1¢ u T ]
; Read Dequeuervi :
L. Ul Stub prorrrrereeeereer el | =]
Actor FE o
. = Iﬂl
LE Shana

_ 1000

- =] m il

error in (no error)| | T

= . i g N i

Send Failover Controller Status Changed.vi Dequeue.vi

error aut

Necessary to set up the compare




Test Teardown

reference in reference out

LAY
X,

Caller
L” Stuh ITTTTTITITTITTTTT D'-':"D

Actor 4
l l s P14 |71 ]
]
_..

error in (no error) error out
[Eik Tao

wire error here ==

AV 24('%
JUSY N\«@




Write Design Test to
Tests API Fail

LEgauliharid, L Eauliariad, L

Level Controller in |[[0E M== % | Deadband. H Deadband. HI | = % Level Controller out
Value Position R —— Value Position

|"NE~.rer Assigned”

¢ [If valueis right
E: |in the deadband
E: |and has never
r [been assigned
E |before, treat as

Level |[[DELr— W+ Below Level =

E 'Gutput State

> ﬂ Changed?

(Almost boring, in most cases)




A Simple Feature, Part 2




Write Design Test to
Tests API Fail

[ Vi Tester - Cooler Testing.lvproj — L >
File Edit Window Help
Ol® R
O @ o Lt B
Last Run: 0/9 3 Passed: 0 £ Failed: 0 o Skipped: 0

Test Hierarchy Test Failure Data

= Remote Front Panel Msg Routing
] test Update Fan Forwards to Remote
] test Set Limits Forwards to Caller
] test Set Limits From Endpoint Ferwards to Caller
= Cocler Msg Routing
] test Connect Sends Update Fan
] test Connect Sends Update Pump
] test Connect Sends Cached Fan Status
[ test Update Fan Status Sends Update Fan to U
] test Update Fan Status Stores Status
= Failover Controller Msg Routing




Receiving an Abstract Message

Thls diagram is for convenience to enable skipping a test easily (enable 'Skip' case)
4| Enabled ~p

TestCase in TestCase out

TEST ichizE
L, Caller e | g ?:f
i Actor 5 =]
: il
E = om0 Akkrikr :

error in (no error)| 1000 error out
: Upda - :

o) n ] 40 | S




A Simple Feature, Part 3

\4 Forward message to remote



Write
Tests

Design
API

Test to
Fail

[ Vi Tester - Cooler Testing.lvproj — O ot
File Edit Window Help
Ol ®IFEF
O @ o B
Last Run: 0/9 e Passed: 0 E¥ Failed: 0 o Skipped: 0
Test Hierarchy Test Failure Data h

=I EE] Remote Front Panel Msg Routing
® test Update Fan Forwards to Remote

Ll test Set Limits Forwards to Caller
[l test Set Limits From Endpeint Forwards te Caller
= Cooler Msg Routing

El test Connect Sends Update Fan

El test Connect Sends Update Pump

El test Connect Sends Cached Fan Status

E test Update Fan Status Sends Update Fan to UI
] test Update Fan Status Stores Status

= ] Failover Controller Msg Routing
[l test Update Sends Failover Controller Status Changed




System Diagram

Cooler

Ul Proxy

Water Level Dual Pump




Testing Network Connectivity

=001 I‘”‘n_% TG? ELLT-:? Ii TGF
c v 2L | 9
| :
42
o |
10000 =]

Cipher

= | connection |0

Initiator foooooocoooooooooooooooooooooooooooooT6F Sy T, ———

10000




Dependency Injection

<<ACTOR=>
Network Endpoint

i

=<ACTOR==
MNested Endpoint

Message Stream

i

TCP Stream | [Network Stream




AF Queue Stream

Connect.vi Create.vi
AF 2 wF 2
e e 2z
Send Message.vi Dequeue from Send.vi
AF AF =
[HE= rcn-d
n
Recerve Message.vi Enqueue for Receive.vi
AF AF =
-
Disconnect.vi Destroy.vi
AF 2 wF 2
— 2 x

Extensions for

Class Overrides Testing



Test Setup

| TARGET_TYPE==RT ]|

Caller e ;

I | 1—|reference out

# ATy ' Actor o
e’ ] Clueue Stream
| Clr Fmt

|i Clr Rimk
itrﬁnﬂh |
‘“ _

!F;-.-.. ||Err|:|r out

|Err|:|r in (no error)

[#TODO Where is this?|




A Single Test

This diagram is for convenience to enable skipping a test easily (enable Skip’ case)
M Enabled | §

TestCase out
ﬁ ,

Cueue Stream

(o513

-
Actor 1 = . :
- : = AF :
error in (no error)| U:ﬂ# ; E ; Error u:uut|
1 I —H N '
- FandH] L Eun gl |
: 1000 \_/
; =
| Update E
E Fan
: =l
R




Tip: Business Rules Belong in Classes

Er ﬂ Test TCP Stream Transmission.vclass

. E'ﬁ'" TEE-t TCP Stream Transmission.ctl

tearDown.vi

testExamplevit
temp_VI_UnderTestw

test Recerve Message.wv

test Recerve Message Abort.vi
test Send Message.vi

test Recerve Stop Flag.vi

eI TN

N
JUST I & com

Testing is probably
your most immediate
and most frequently
realized benefit of
o]0



Agenda

* Example — Testing a Simple Feature

e Actor changes state



Actor Changes State




Write
Tests

Design
API

Test to
Fail

[ﬂ VI Tester - Cooler Testing.lvproj

IE it Window Help

C @ O ® L

I
=H1

Last Run: 0/9 P Passed: 0 E¥ Failed: 0 ok Skipped: 0

Test Hierarchy

Test Failure Data

= Efg] Remote Front Panel Msg Routing

test Update Fan Forwards to Remote

test Set Limits Forwards to Caller

test Set Limits From Endpoint Forwards to Caller
= E] Cooler Msg Routing

test Connect Sends Update Fan

test Connect Sends Update Pump

test Connect Sends Cached Fan Status

test Update Fan Status Sends Update Fan to Ul

P B test Update Fan Status StoresStatus

= k] Failover Controller Msg Routing
test Update Sends Failover Controller Status Changed




Testing Internal State

This diagram is for convenience to enable skipping a test easily (enable 'Skip' case)

Wenabled <p]
5 : [TestCase u:uut|
Los, | u T m——{po67 ]|

i Ca”Er '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.m
= —
i JFar = 7 —
5 batur o | Fan A
E 1000 % | | |Fan B =
: ; = | | [ .
error in (no error)| — :I_l? error out
= O Erc B : St D*i.ﬂc \1
: - 5

F

‘ R N ;
|Send message] |Read Last Ack|  [Get Actor| |Access internal data]
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* A Cost Analysis



How Much Time Does it Cost?

 Activities associated with Test Driven Development:

* Writing a specification (sequence diagrams, etc.)

* Writing APIs for actor features
» Tested actor’s method and message
* Receiver’s method and message

* Coding the unit test

* Filling in the actor methods (tested actor)



How Much Time Does It Save?

* Regression testing becomes trivial

* Bugs not discovered until integration:

0o
=
S
=
=)

)

oo

@

(%)

(%]

)
=

| -

)

Q

o

S

S
£

Unknown requirement

f Uncommunicated assumption

Message Not in Memory



Closing Thought - Design Implications

Root Actor

Actor A Interface Interface Actor B

Interface Interface




Closing Thought - Design Implications

Nested
Interface

)

Calling Actor

Caller launches Interface

Actor Stub

Nested Actor

Stub Nested Actor




Questions?

Follow me!

* LinkedIn:
* Linkedin.com/in/allencsmith

* Nl Forums:
* justACS

* Vimeo.com/channels/ReadyOnTheWire




