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8251A
PROGRAMMABLE COMMUNICATION INTERFACE

. and [ Baud Rate—DC to 19.2K
Operation Baud
Synchronous 5-8 Bit Characters; ® Full-Duplex, Double-Buffered
Internal or External Character Transmitter and Recelver
Synchronization; Automatic Sync m Error Detection—Parity, Overrun and
Insertion Framing '
. 5-8 Bit
. with an Extended Range of
Clock Rate—1, 16 or 64 Times Baud ocessor
Rate; Break Character Generation; 1, Intel Micropr "
1%, or 2 Stop Bits; False Start Bit 28-Pin DIP Package
Detection; Automatic Break Detect and Al Inputs and Outputs are TTL
Handling Compatible
w Synchronous Baud Rate—DC to 64K u Avallable In EXPRESS and Military
Baud Versions

The Intel® 8251A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter
(USART), designed for Intels familios such as MCS-48, 80, 85, and
IAPX-86, 88. The 8251A is used as a peripheral device and is programmed by the CPU 1o operate using
virtually any serial data transmission technique presently in use (including IBM “bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stroam
for transmission. Simultaneously, it can raceive serial data streams and convert them into parallel data charac-
tors for the CPU. The USART will signai the CPU whenever it can accept a new character for transmission or
‘whenever it has racoived a character for the GPU. The GPU can read the complate status of the USART at any
time. These include data transmission errors and control signais such as SYNDET, TXEMPTY. The chip is
fabricated using Intel's high performance HMOS technology.
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My Roots in Agile
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How Did I Find Myself at Agile
Manifesto Meeting?

Skiing!
James, do
you want to
go to the
Lightweight
Methods
Summit in =" R
Snowbird? N\ Sure Bob,
- - I'll go....

Ward Cunning
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Test-Driven Development
for Embedded C

James W. Grenning

Forewords by Jack Ganssle
and Robert C. Martin
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Waterfall Model

March May July

-

September November

Time
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Iterative Model

Iteration 1 J Iteration 2 ‘ ........ ] Iteration N J Hardening I
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Saving Testing Until the the End

March May July

fire-fight  Tes

September November

Iteration 1 J Iteration 2 ‘ AAAAAAAA J Iteration N J Hardening
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Thanks to Yofian, Picture of-awaterfall nearby Flam, Norway http://
;. comirions.wikimedia.org/wiki/File:Waterfall_in_Norway.jpg

@ N
Your program will have

bugs. And they will

surprise you when you "
finished at last! fixed bugs! Hey wait,
find them
.
He must have There you go,
B LE managed to pass dead as a doomail
I B QA checks
JOHN GALL
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Finished at Last

To a project finished
at last! Completely
finished this time!

Development

Test

e

Defects

CommitStrip.com
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New bug from a

The Physics of Debug Later S

Bug is reopened,

Programming (DLP) m.ﬂg; o A

T T 1 T : Ownership
d fIX is changed Developer takes. Development is
o \x‘\ possession finished with bug
- = ”
'. ASSIGNED

77 77 Time e
T T Development is
3 finished with bug
. : :
Mistal ade Bug overy : _
i

RESOLVED
(bug injection)

Bug found Bug fixed

QA nct satisfied Q& verifies
with solution solution worked

* As Tq increases, Trind increases dramatically
* T is usually short, but can increase with Tq
https://wingman-sw.com/articles/the-physics-of-test-driven-development
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Edsger Dijkstra The First Step to RCCOVGI'y

Those who want really reliable
software will discover that they
must find means of avoiding the
majority of bugs to start with, and
as a result, the programming

| am a
programmer and |
write bugs

process will become cheaper. If you
want more effective programmers,
you will discover that they should
not waste their time debugging,

they should not introduce the bugs
to start with.

~opyright © 2008-2017 James W. G oftware, Webinar -- August 24,2017 - JAM) wingman-sw.co G Copyright © 2008-2017 James W. Grenning Jama Software, Webinar - August 24, 2017 -- JAMA-2 wwwwingman-sweom s 30
All Rights Reserved. For use by training attendees. TN D i i Al Rights Reserved. For use by training attendees. Test Driven Devel lames@wingman-sw.com

1pTime)




static void SetYearAndDayOfYear(RtcTime* time)

int days = time->daysSincel980;
int year = STARTING_YEAR;
while (days > 365)

if (IsLeapYear(year))

i Clavs > 366) _
{

days -= 366;
year += 1;
}
}
else
{
days -= 365;
year += 1;

}

time->dayOfYear = days;
time->year = year;

Your program will have
bugs. And they will
surprise you when you
find them.

JOHN GALL

This Test Could Have Prevented

The Zune Bug
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TEST(Rtc, check20081231)

{
days = daysSincel980(2008, 366);
CHECK(ConvertDays(days, &time));
assertDate(WED, 2008, 12, 31);

}

Al Rights Reserved. For use by training attendees.

Bugs Can Hide Anywhere.
What has to be tested?

To a project finished
at last! Completely
finished this time!

CommitStrip.com
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Iwc Realize PijRstra’s vus:,:um

I test moved up:'str'feam, could we get

we Prevent Def Lagede ,
working features to flow?

with Test-Driven
beveLopmcwt?
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» Write a test
» Watch it not build
* Make it build, but fail

* Make it pass

» Refactor (clean up any mess)

» Repeat until done

T
D
D
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The Physics of Test Driven
Development

Td Tflnd T fix

Time
M.LZ K
T @ Mistake fixed

Mistake P00t cause
discovery el

» When Tq4 approaches zero, Tfind approaches zero
+ In many cases, bugs are not around long enough to be considered
bugs.

* See: https://wingman-sw.com/articles/the-physics-of-test-driven-development

www.wingman-sw.com

james@wingman-sw.com
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The Physics of
Test-Driven Development

The Physics of
Debug Later Programming

Tq Thind Tiix Td Tiind Tiix
Time
Mistake made Bug discovery Mistzke Mistake fixed
(bug injection) g o Root cause
Bug found Bug fixed Mistake found
discovery ~ 1oun
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Create a Circular Buffer Module

QIIIIIIIIII?

q,e]m];]ee]u]ﬁﬁlwlﬁo[ [ ?

T |

I EECEEGEE, -

D CICT o i 8 8 DT
| T

n-ndex Out-lndex
Jama Software, Webinar -- August 24,2017 -- JAMA-2
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The Anticipated Interface Anticipated Internal Structure

CircularBuffer

¥ Put in-tndex
+ qet out-index
length

+ (sEmptg

+ (sFull
buffer pointer /—\Li 22| 7 |66 |12 (99 [16 |90 | 99 '
//ete —
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TEST(CircularBuffer, empty_after_creation)

e : {
The Inltlal Test_Llst CHECK_TRUE(CircularBuffer_IsEmpty(buffer));

Cireular Buffer Tests

Initia lly empty

Transttion to empty
Transttion to Full

Transition from Full

Put-Get FIFO

Put to full

Get from empty

Filled but not wrapped around
Wrap arownd

n& 47 Copyright © 2008-2017 James W. Grenning Jama Software, Webinar -- August 24,2017 -- JAMA-2 www.wingman-sw.com \% 48
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bool CircularBuffer_IsEmpty(CircularBuffer * self)
{

return false;

}

that Passes the aompLLer/ Linker
and fails the Test

————

Copyright © 2008-2017 James W. Grenning,
All Rights Reserved. For use by training attendees.

Jama Software, Webinar -- August 24,2017 -- JAMA-2 wwwwingman-swoom a4

james@wingman-sw.com

bool CircularBuffer_IsEmpty(CircularBuffer * self)
{

}

return true;

The Stmplest lmpLevwewtatww

That Passes ALl T ests

———————

www.wingman-sw.com
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TEST(CircularBuffer, empty_after_creation)

CHECK_TRUE(CircularBuffer_IsEmpty(buffer));

}
TEST(CircularBuffer, not_empty_after_put)
{
CircularBuffer_Put(buffer, 42);
CHECK_FALSE(CircularBuffer_IsEmpty(buffer));
}
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bool CircularBuffer_IsEmpty(CircularBuffer * self)

{
return true;
}
void CircularBuffer_Put(CircularBuffer * self, int value)
{
}

That Passes the prior test and
fails the new test
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bool CircularBuffer_IsEmpty(CircularBuffer * self)

{
return self->index == 0;
}
void CircularBuffer_Put(CircularBuffer * self, int value)
{
self->index++;
}

The Stwplest lmpLemew‘ca’cLow
That Passes ALl Tests

R

TEST(CircularBuffer, empty_after_creation)

{
CHECK_TRUE(CircularBuffer_IsEmpty(buffer));
}
TEST(CircularBuffer, not_empty_after_put)
{
CircularBuffer_Put(buffer, 42);
CHECK_FALSE(CircularBuffer_IsEmpty(buffer));
}
TEST(CircularBuffer, empty_after_removing_the_last_item)
{
CircularBuffer_Put(buffer, 42);
CircularBuffer_Get(buffer);
CHECK_TRUE(CircularBuffer_IsEmpty(buffer));
}
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bool CircularBuffer_IsEmpty(CircularBuffer * self) bool CircularBuffer_IsEmpty(CircularBuffer * self)
{ {
return self->index == 0; return self->index == self->outputIndex;
} }
void CircularBuffer_Put(CircularBuffer * self, int value) void CircularBuffer_Put(CircularBuffer * self, int value)
{ {
self->index++; self->index++;
} }
int CircularBuffer_Get(CircularBuffer * self) int CircularBuffer_Get(CircularBuffer * self)
{ {
return -1; self->outputIndex++;
} return -1;
}
molementatt molementatl
. wtacLow , wtacLow
rhe Stwplest twepleme The Stmplest tmpleme
That Passes ALl Tests That Passes ALl Tests
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the cova'LLer?

what if there was only one
outstanding probLevw at a time?

for ‘PYD'O lems?
m—
—
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Continue Until TPD State Machine tn c/C+ +
b b ’ b ,
You Can’t Think of Any More Tests (solving one problem at a time)
When your tests are done and your code is done. Start
Start Write the test
No more tests
Compilation error
Choose a test Write the test Alltests pass
Compiles Clean
No more tests LG i 4/C?'m'qn error
ilati 1t ri nati
Alltests pass Compilation error g compile P
DONE!
Compiles Clean Link error
Refactor Make the test All tests pass
(Make it right) compile Compilation error
DONE! Programming error Make the test pass New test fails LR S Link error
All tests Link error link
pass
. Make the test .
Programming error New test fails Link error ,
: Adod new tests to the test List as needed
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Small Verifiable Steps SOFTWARE

» Each change is verified

* Maybe by seeing the test output Adaptation for Embedded
* Maybe by seeing how the tools react Software
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what Ls*s]:eoial, About

T
Hard to :
4 Umited debug
3 HW has bugs
4 memory 7 e

. : : r ‘ \::’
Concurrent e | special tools |-
| Hw/sw Gy e
No HW wntil rReal t’LVWC :
Late in cyele debugging

: development

Copyright © 2008-2017 James W. Grenning Agile for Embedded — Overview and Pitfalls Www.wingman-sw.com ﬁ%\
All Rights Reserved @jwgrenning Jama Software Webinar — June 15, 2017 jama@wingman-sw.com




Hardware has its own Defects
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Minimize

Copyright Fox Broadcasting. Used under fair use.
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Debug
On
Hardware
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Target Hardware
Bottleneck

* Concurrent HW development
* Cross compilation

* Limited memory and IO

* Target debug

» Hardware is scarce

* Hardware has its own defects

Jama Software, Webinar -- Aufii§
Test Driven Develop:
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How Long is Your
Edit, Build, Run Cycle?

Compiling..

* Do you lose focus i
while you wait?

Do | have time to
finish something else
in 40 seconds?

(St ourelcier )

Why not! | should
optimise my time.
Life's short!
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2 hours later... j

CommitStrip.com
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TDD Adaptation for Embedded
Development

Less Frequent

Stage 1

Write a Test
Make it Pass
Refactor

More Frequent

Copyright © 2008-2017 James W. Grenning
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TDD Adaptation for Embedded
Development

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Write a Test Compile Run Tests Run Tests Acceptance
Make it Pass for Target in the Eval in Target Tests
Refactor Processor Hardware Hardware

More Frequent Less Frequent

See : https://wingman-sw.com/articles/progress-before-hardware
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There Ls a Lot more
to talk about!!

Faking,
mocking
spying

Legacy code

Code with
dependencies

TPD next to
the Stlicon

Your COWCErnS
and Ruestlons

Writing
good tests

SOULID Besign Refa ctorf,v\,g

You can learn more at
wingman-sw.com

WINGMAN SOFTWARE:
BRINGING AGILITY TO EMBEDDED SOFTWARE DEVELOPMENT

@ JOIN OUR MAILING LIST @ LIVE VIA WEB TDD TRAINING!

& PUBLIC TRAINING @ ALL OUR TRAINING

You can learn more

* At one of my public training events (fall 2017)
— https://wingman-sw.com/training/public
* Web delivered training
— https://wingman-sw.com/training/remote-delivered-tdd
* Join my mailing list
— https://wingman-sw.com/join-mailing-list
* Find out about on-site training
— https://wingman-sw.com/contact-us
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| it |

Test-Driven Development
for Embedded C

Talk to me on Twitter
@jwgrenning

Connect with me
www.linkedin.com/in/jwgrenning
Remind me how we met.

James W. Grenning

www.wingman-sw.com
blog.wingman-sw.com
Www.jamesgrenning.com
facebook.com/wingman.sw

wingman-sw.com/tddec/
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Unit Tests are Necessary but
Not Sufficient
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http://blog.mountaingoatsoftware.com/the-forgotten-layer-of-the-test-automation-pyramid
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Looks and
feels right

Wired properly and
meets customer needs

\% :
iy

Solid
foundation
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Higher Level Tests Cannot be
Thorough

5 imeramymteractions
. 5 interactions .

1000 (or more) teste are weeded tp
test thig simpLe system

Tests
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Higher Level Tests are Needed to Verify

nections
=
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Unit Tests Can Be Thorough

Tests Tests

10 /
5 interacty' states wteractions

B i [
states states

As few as 20 unit tests and 1.5
integration test when tested as units
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Manual Test is Not Sustainable
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ILlustrates the Assumption that
Test Effort is Proportional to
Development Effort

Al RlE ts Reserved. For use by training attendees.

2.
20
(8}
:’LB-' 15
OO 0. — d \VA
10 ¢
5 0 Q Q Q0 > tCSt
Il | ]
] [ i
’
lterations
Copyright © 2008-2017 James W. Grenning Jama Software,Webinar - August 24,2017 -- JAMA-2 WWWWINGMAN-SW.oom  xg
igh Manual Test is Unsustainable

'amei@winﬁman-sw.com

If a system is working, leave it
alone. Don't change anything.

Systems don’t |
appreciate being fiddled
and diddled with. )
The fixing of known )
SORNEATE, bugs will surely inject
unknown bugs )

Copyright © 2008-2017 James W. Grenning
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System | Antieg

—_— — —~—

System - something setup to attain a goal
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AntLes

S 5s’cem

e —eee— —

F : S
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Manual Test Ls
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Risk Accumulates
L the Untested Code

Untested Code Gap
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Some of the Common
Concerns

Debrief
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TDD Will Take Too Long!
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The Physics of
Debug Later Programming

The Physics of
Test-Driven Development

Tq Thind Tiix Td Tiind Tiix
Time
Mistake made Bug discovery Mistzke Mistake fixed
(bug injection) g o Root cause
Bug found Bug fixed Mistake found
discovery oun
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Time developers
do not notice nor
plan for

G D

Misconception and
Sustainability

Traditional Speculate | Code Test
development 3‘.3‘\
¥

Too Many Lines of Code

Test-driven o
P Test and Code Debug
development  |ulate
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TDD Means Too Many Lines of Code?
Think Again.

Copyright © 2008-2017 James W. Grenning Jama Software, Webinar -- August 24,2017 -- JAMA-2

‘www.wingman-sw.com 5& 97
All Rights Reserved. For use by training attendees. Test-Driven Devel Debrief james@wingman-sw.com

| alrady know how to code
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Mark Twain
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TDD and the Code
in the Middle

(most of the code!)
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Testing a Module in the Middle

Harder =—>

o

Ay aratiiU,

I | I I I The Module under test

A 1 /Y is tested independent

Easier of other modules
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Separation of Responsibilities

* Every minute, the i
RTOS wakes up Adwin, Light

. Console Scheduler

the nght +AddTurnon ()
Scheduler. -

 If it is time for / O\

one of the 1ights to Light Controller Time Service
be controlled, the + o  reriatlaatarm0
LightController is 1 1

told to turn on/off

the light.

< <anonymous callback>>

| Hardware | | RTOS
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Light Scheduler Design

1
M Program to Adwmin Light
Interfaces Console Scheduler
+ AddTwnown ()
* Separate interface o .
. . < Y callback > >|
and implementation
as separate entities. T T
LLgl«(t’ :;awtmLLey - Tulmz zawwa
1 1 + own (it GetTime
. Thls deSIgn has + off(id) + setPeriodicAlarm ()
ood separation of
g .p ege e <<implenents>> <<implements>>
responsibilities w i
Model 42 RTOS
‘ Light Controller ‘ Time Service ’
' Model 42 Hardware | I RTOS
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LightScheduler Test Fixture Design

e Use the real Ligh o
. Scheduler enedule
collaborators if Test Sl

+ AddTurnon()
+ rRemoveschedule()

Oou can.
y +wakeup ()
» Use fakes when
you must. <<interface> > < <intarface>>
Light Controller Time Service
+ on(id) + GetTime()
+ off(id) + setPeriodicAlarm ()

< <implements>>
1

Fake
Time Service

< <imeplements>>

Light Controller
SPY
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Guiding Test

TEST(LightScheduler, lights_turned_on_at_the_right_time_scheduled_everyday)
{
LightScheduler_AddTurnOn(3, EVERYDAY, 1200);
FakeTimeService_SetDay(SUNDAY);
FakeTimeService_SetMinute(1200);
LightScheduler_Wakeup();
LONGS_EQUAL(3, LightControllerSpy_GetLastId());
LONGS_EQUAL(LIGHT_ON, LightControllerSpy_GetLastState());
¥

* I’d like to start with this test, but this is a big step!

* We need the scheduler interface, we need a schedule
table, we need a spy light controller, we need ...

* It’s time to procrastinate!
* Pick an easy place to start.
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