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electricity is, really just  
organized( lightning.? 

— George Carlin 



THE RULES 
subjects are open! 
five minutes (max) 

have fun



Peter Sommerlad - FOOL 
Michel Grootjans - Crafting Guitars 
Rob Smallshire - The Gender Equality Paradox 
Florian Gilcher - Trains 
Graham Haynes - On Automati 
Marshall Clow - Fuzzing Your Code 
Chris Oldwood - The Far Side 
Jon Kalb - This is Why We Can't Have Nice Things 
Phil Nash - East All The Things 
Jim Hague - A Brief of one-line abuses 
Mike Seymour - Sparsity Parsery 
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{The Problem
std::vector v{1,2,3,4,5,6};
auto p=accumulate(begin(v),end(v),1, std::multiplies<>{});

looks very ugly: <>{}
or: <>()

or: <int>{}



What else wrong in  
<functional> ?

•Many operators are missing: 
unary operators: *, &, + 
member access: .*, ->* 
shifts, assignments, ternary, … 

•Arity is fixed: 1 or 2 
•Must instantiate objects…



A Better Way! 
Functions Objects Obsoleted by Lambdas 



More FOOL! 



Further Usage
auto endl=static_cast<std::ostream&(*)(std::ostream&)>(std::endl);
Lshift(std::cout,"Hello",' ',"World!",endl,"The Answer is: ",6*7,endl);

std::set<int,lessTea> s({3,1,4,1,5,9,2,6},Smaller); // no C++20 compiler
std::set<int,lessTea> s({3,1,4,1,5,9,2,6}); // C++20 allows creating from decltype(lambda)



See below?
•Lambda constexpr variable 
•Variadic Lambda 
•Deduced Noexcept 
•Deduced Return Type 
•Fold Expression 
•No specializations 
•No overloads



How?
std::vector v{1,2,3,4,5,6};
auto res=accumulate(begin(v),end(v),1,Times);
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How?
std::vector v{1,2,3,4,5,6};
auto res=accumulate(begin(v),end(v),1,Times);

constexpr auto Times=[](auto&&... l) constexpr

variadic lambdas & folds



How?
std::vector v{1,2,3,4,5,6};
auto res=accumulate(begin(v),end(v),1,Times);

constexpr auto Times=[](auto&&... l) constexpr
noexcept(noexcept((... * std::declval<decltype(l)>())))

variadic lambdas & folds



How?
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How?
std::vector v{1,2,3,4,5,6};
auto res=accumulate(begin(v),end(v),1,Times);

constexpr auto Times=[](auto&&... l) constexpr
noexcept(noexcept((... * std::declval<decltype(l)>())))
-> decltype((... * std::forward<decltype(l)>(l) ))
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How?
std::vector v{1,2,3,4,5,6};
auto res=accumulate(begin(v),end(v),1,Times);

constexpr auto Times=[](auto&&... l) constexpr
noexcept(noexcept((... * std::declval<decltype(l)>())))
-> decltype((... * std::forward<decltype(l)>(l) ))
{
return (...*std::forward<decltype(l)>(l));
};

variadic lambdas & folds
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Unary Ops:
constexpr inline auto Posate = [](auto&& l) constexpr

noexcept(noexcept( + std::declval<decltype(l)>()))
-> decltype(+ std::forward<decltype(l)>(l))
{

return + std::forward<decltype(l)>(l);



Unary Ops:
constexpr inline auto Posate = [](auto&& l) constexpr

noexcept(noexcept( + std::declval<decltype(l)>()))
-> decltype(+ std::forward<decltype(l)>(l))
{

return + std::forward<decltype(l)>(l);
};



Ternary Op:



Ternary Op:
constexpr auto Wtf=[](auto&&c, auto&& l, auto&& r) constexpr



Ternary Op:
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Ternary Op:
constexpr auto Wtf=[](auto&&c, auto&& l, auto&& r) constexpr
noexcept(noexcept(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>()))

-> decltype(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>())
{
return std::forward<decltype(c)>(c) ?



Ternary Op:
constexpr auto Wtf=[](auto&&c, auto&& l, auto&& r) constexpr
noexcept(noexcept(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>()))

-> decltype(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>())
{
return std::forward<decltype(c)>(c) ?

std::forward<decltype(l)>(l) : std::forward<decltype(r)>(r);



Ternary Op:
constexpr auto Wtf=[](auto&&c, auto&& l, auto&& r) constexpr
noexcept(noexcept(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>()))

-> decltype(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>())
{
return std::forward<decltype(c)>(c) ?

std::forward<decltype(l)>(l) : std::forward<decltype(r)>(r);
};



Ternary Op:
constexpr auto Wtf=[](auto&&c, auto&& l, auto&& r) constexpr
noexcept(noexcept(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>()))

-> decltype(std::declval<decltype(c)>()?std::declval<decltype(l)>():std::declval<decltype(r)>())
{
return std::forward<decltype(c)>(c) ?

std::forward<decltype(l)>(l) : std::forward<decltype(r)>(r);
};



Sum up

Function Objects 
can/should be

Obsoleted by Lambdas
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The craft of building guitars

Random musings by @michelgrootjans





















So… what is the difference between
work and craft?



Care, attention to detail, functionality, durability



Continuous education, sharing, accepting criticism



Experimenting

















Should every guitar be finely crafted?



Should every guitar be finely crafted?codebase



yes
no



It depends on what you plan to do with it



The first shitty draft ...



The throw-away guitar
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Robert Smallshire
@robsmallshire

The Gender Equality Paradox
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boys 
better

girls 
better

science

maths

reading
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Girls Boys

science

intra-individual achievement  
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Girls Boys

sciencemathsreading sciencemathsreading

intra-individual achievement  
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Girls

sciencemathsreading
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intra-individual achievement  
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economic freedom 
to follow interests 

high economic 
premium for STEM 
careers

high social security

high gender equality

low social security

low gender equality
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/// SLASH ///

Uniform Resource Identifier 
(URI): Generic Syntax



Peter Sommerlad - FOOL 
Michel Grootjans - Crafting Guitars 
Rob Smallshire - The Gender Equality Paradox 
Florian Gilcher - Trains 
Graham Haynes - On Automati 
Marshall Clow - Fuzzing Your Code 
Chris Oldwood - The Far Side 
Jon Kalb - This is Why We Can't Have Nice Things 
Phil Nash - East All The Things 
Jim Hague - A Brief of one-line abuses 
Mike Seymour - Sparsity Parsery 



h?2`2Ƕb �M Bbbm2 AǶ/
HBF2 iQ bT2�F �#QmiX



aGURV



4444 nnnnnnnn nnnnnnnnnnn
n. n% %nnnnnnnf $$nnAnAnnnnn444nn%nnnnnnnnn%
%UnVě % >$$nnnnnnnnf % % 4%nnn nnn%
f % % > % % % % %%n% %n%%

% % % > %nněěěěěěĜ% (nnn) %
% nnnnnnnn%nnn>nnfnn%nnnnnf()()�$$nnnnnn% %
%f % %ěěěĜAnnnnnA ()() () . %4444444%nn

nnf 4% Q %4@��$$ f��$$ f��$$ f��$$ nnnnunnnnnnnnnnn%nn
%f@4%nnn%4 %% %% %% %nnnnnf�$$nnnf
$$nf $$P44444P44444P44444Pnf $$nf



bHURV Bb BM /�M;2`



�TT`2+B�iBQM Bb bBMFBM;



/Bbi`B#miBQMb b?BT Bi rBi? QTiBQMb
�HHQrBM; iQ biQT i?2 i`�BM U/2#B�MV



BM Qmi/�i2/ p2`bBQMb U/2#B�MV



AǶK T`2iiv bm`2 bQK2QM2 Bb
`2#mBH/BM; Bi �b � bvbi2K/ KQ/mH2X



Pmibi�M/BM; #m;b �`2 H27i mM}t2/5



0 K�M bH
"l:a

Ai `�`2Hv b?Qrb +QMi2Mib Q7 +m``2Mi /B`2+iQ`vX



� `2pBp�H5



_2#mBH/ vQm` QrM bHURV- �b +HQb2 iQ
i?2 Q`B;BM�H �b TQbbB#H2- BM vQm`

7�pQm`Bi2 H�M;m�;2- bvbi2K- r?�i2p2`X



?iiTb,ff;Bi?m#X+QKfKiQvQ/�fbH



hr22i iQ, !�`;Q`�F



AǶp2 ;Qi �MQi?2` Bbbm2 iQ i�HF �#Qmi5



1``Q`K2bb�;2b



0 `mbi+ Ĝp2`bBQM
_mbi *YY GBMi2`- p2`bBQM RXk8



7M K�BMUV &
H2i Kmi p2+ 4 p2+5(R-k-j)c

H2i 7QQ 4 �p2+(k)c

ff +QTBQmb �KQmMi Q7 rQ`F

p2+(R) 4 kc
'



2``Q`(1y8yk), +�MMQi #Q``Qr <p2+< �b Kmi�#H2 #2+�mb2 Bi
Bb �HbQ #Q``Qr2/ �b BKKmi�#H2
Ĝ= b`+fK�BMX`b,3,8
%

9 % H2i 7QQ 4 �p2+(k)c
% ě BKKmi�#H2 #Q``Qr Q++m`b ?2`2

XXX
3 % p2+(R) 4 kc

% ��� Kmi�#H2 #Q``Qr Q++m`b ?2`2
N % '

% @ BKKmi�#H2 #Q``Qr 2M/b ?2`2



:`2�i 7Q` `2�/�#BHBiv-
#�/ 7Q` +QHH2�;m2bX



0 `mbi+ Ĝ2``Q`@7Q`K�i p2`#�H



_mbi T`B/2b Bib2H7 BM #`BM;BM; B/2�b
;QQ/ B/2�b 7`QK i?2 T�bi iQ mb2X



h?Bb QM2 ;Q2b ?mM/`2/b Q7 v2�`b #�+F5



6Q`K�i,r k HBM2b 7Q` +QMi2tir k HBM2b 7Q` 2tTH�BMBM; i?2 T`Q#H2Kr � +�HH iQ �+iBQM UKv /2bB;M2` iQH/
K2 iQ5V



0 `mbi+ Ĝ2``Q`@7Q`K�i p2`#�H p2+X`b
h?�i <p2+< r?B+? vQm r�Mi2/ iQ #Q``Qr
Ab ;BpBM; Kv +?2+F2` Km+? bQ``Qr
7Q` K2�Mr?BH2 vQm Kmi�i2
Bi BM HBM2 2B;?i
H2iǶb }t Bi mMiBH iQKQ``Qr5



6BM�HHv5 *QKTBH2`b 7Q` ?mK�Mb5



�HbQ, *QKTBH2`b 7Q` i?2 AQh rQ`H/5



2+?Q ]�H2t�- <`mbi+ Ĝ2``Q`@7Q`K�i p2`#�H p2+X`b<] % b�v



`mbi@H�M;f`7+bfTmHHfkjd3



SLASH 
OR 

DASH



html



/// SLASH /// 
(OR NO SLASH)



Peter Sommerlad - FOOL 
Michel Grootjans - Crafting Guitars 
Rob Smallshire - The Gender Equality Paradox 
Florian Gilcher - Trains 
Graham Haynes - On Automati 
Marshall Clow - Fuzzing Your Code 
Chris Oldwood - The Far Side 
Jon Kalb - This is Why We Can't Have Nice Things 
Phil Nash - East All The Things 
Jim Hague - A Brief of one-line abuses 
Mike Seymour - Sparsity Parsery 



  

...and Ariston?

Pastiche of Bertha,
By Woodland Animations/BBC



  



  



  



  

Pastiche of
Hyperbole and a Half
This is Why I'll Never be an Adult
By Allie Brosh

Automate all the things!
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./configure
make



  

#!/bin/sh
git clone http://github.com/project/my_project.git &&
cd my_project &&
cmake . &&
make -j
make test



  

#!/bin/env sh -e
git clone http://github.com/project/my_project.git project
cd project
mkdir build
cd build
cmake ..
nice make -j4
make test



  

#!/bin/env sh -e
apt-get install -y boost
git clone https://github.com/project/my_project.git project
mkdir build
cd build
cmake ../project
nice cmake --build . -- -j4
make test
cpack -G deb
cp *.deb /releases/



  

#!/bin/env sh -e
curl -X POST http://build/status -d @in_progress
apt-get install -y boost
git clone https://github.com/project/my_project.git project
git submodule update --init
mkdir build
cd build
cmake -DCMAKE_BUILD_TYPE=RELWITHDEBINFO ../project
nice cmake --build . -- -j4
valgrind --tool=memcheck ./tests
cpack -G deb
cp *.deb /releases/
curl -X POST http://build/status -d @successful



  

#!/bin/env sh -e
curl -X POST -u username:password http://build/status -d @in_progress
apt-get install -y boost
git clone https://github.com/project/my_project.git project
git submodule update –init
for compiler in clang gcc; do
    mkdir $compiler
    cd $compiler
    cmake -DCMAKE_BUILD_TYPE=RELWITHDEBINFO \
          -DCMAKE_EXPORT_COMPILE_COMMANDS=ON \
          -DCMAKE_CXX_COMPILER=/usr/bin/${compiler} ../project
    nice cmake --build . -- -j4
    cd ..
done
cd clang
find ../project -name “*.cpp” -print | xargs clang-tidy
valgrind --tool=memcheck ./tests
cpack -G deb
mkdir /releases/$version
cp *.deb /releases/$version
curl -X POST -u username:password http://build/status -d @successful



  

#!/bin/env sh -e
POST=”curl -x POST -u username:password”
${POST} http://build/status -d @in_progress
apt-get install -y boost
git clone https://github.com/project/my_project.git project
git submodule update –init
for compiler in clang gcc; do
    for bits in 32 64; do
        mkdir ${compiler}-${bits}
        cd ${compiler}-${bits}
        cmake -DCMAKE_BUILD_TYPE=RELWITHDEBINFO \
              -DCMAKE_EXPORT_COMPILE_COMMANDS=ON \
              -DCMAKE_CXX_COMPILER=/usr/bin/${compiler} \
              -DCMAKE_CXX_FLAGS=-m${bits} ../project
        nice cmake --build . -- -j4
        cd ..
    done
done
cd clang
find ../project -name “*.cpp” -print | xargs clang-tidy
valgrind --tool=memcheck ./tests
valgrind --tool=cachegrind ./soak
cpack -G deb
mkdir -p /releases/${version}
cp *.deb /releases/${version}/
chmod 777 /releases/${version}/ 
${POST} http://build/status -d @successful



  

#!/bin/env sh -e
POST=”curl -x POST -u username:password”
${POST} https://build/status -d @in_progress
${POST} https://slack/post -d “Build of ${version} in progress!”
apt-get install -y boost
git clone https://github.com/project/my_project.git project
git submodule update –init
for compiler in clang gcc; do
    for bits in 32 64; do
        BUILD_DIR=“${compiler}-${bits}”
        mkdir “${BUILD_DIR}”
        cd “${BUILD_DIR}”
        cmake -DCMAKE_BUILD_TYPE=RELWITHDEBINFO \
              -DCMAKE_EXPORT_COMPILE_COMMANDS=ON \
              -DCMAKE_CXX_COMPILER=”/usr/bin/${compiler}” \
              -DCMAKE_CXX_FLAGS=”-m${bits}” ../project
        nice cmake --build . -- -j4
        cd ..
    done
done
cd clang
find ../project -name “*.cpp” -print | xargs clang-tidy
valgrind --tool=memcheck ./tests
valgrind --tool=cachegrind ./soak
cpack -G deb
RELEASE_DIR=“/releases/${version}”
mkdir -p “${RELEASE_DIR}”
cp *.deb “${RELEASE_DIR}/”
chmod -R ugo+r “${RELEASE_DIR}”
cd ..
git log >”${RELEASE_DIR}/release_notes.txt”
${POST} https://build/status -d @successful
${POST} https://slack/post -d “Build of ${version} succeeded!”



  



  



  



  



  



  



  

INSTANTINSTANT

LEGACY!LEGACY!



  
Some problems...Some problems...

Products can become unmaintainable
when their supporting infrastructure rots

Development becomes coupled to automated tooling –
making it hard to develop, debug, or run manually

People rely on it working - but forget how it works and 
are unfamiliar with the technologies used

Running automation is not handed over
or is locked to users who have left

Changes untested?  Untestable?  Self-testing?



  

Harmful Harmless

Considered...



  

Harmful Harmless

Considered...

(mostly)(bad, excessive,
overly complex,

premature)



  



  



  

Is it viable (or possible) to automate?

Do I understand the kind of solution required?

Do I know how it could fail?

How can I ensure it gives me 
the required levels of assurance?



  

● Draw on people's

collective wisdom

● Favour mature, open and

compatible tooling over

esoteric and bespoke

● Use DevOps practices,

e.g. Infrastructure as Code

● You won't get it right first time
● Build up your own experience● Deliberate Practice

Build on the
experience of others

Build on the
experience of others

Learn by

trying it out
Learn by

trying it out

● Reduce the opportunity

for conflict between human

and automated processes

● Don't run under individuals'

accounts – use an automation

account to avoid single points

of failure
Mind the humanMind the human



  



  



  



  

● Don't write and forget -

let it live, budget for it to;

waterfall deliveries will rot

● Beware vendor lock-in,

immature and unsupported tools

– use DSLs with care

● Keep it simple -

more dependencies and

complexity means more

frequent maintenance

● Refactor for readabilityand (re)use
● Comment the intent:

say what the code can't,
especially if nuanced or
infrequently maintained● Set and apply Coding Standards,

review changes against them
and combat rot

● Test what you can

Design automation

to evolveDesign automation

to evolve

Exercise good

coding practices
Exercise good

coding practices



  

Automate the solution

only once you've begun to understand the problem
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Fuzzing your code

Marshall Clow

Qualcomm


marshall@idio.com



What is fuzzing?

• Pass random (ish) inputs to your code, look for 
misbehavior. (Over and over)


• Initial fuzzers just generated random inputs


• More modern fuzzers are “guided”



Profile-guided fuzzing

• Build your program with code coverage enabled.


• After each run, the fuzzer examines the coverage data, 
and uses the information to generate the next test case.


• American Fuzzy Lop - http://lcamtuf.coredump.cx/afl/


• Clang libfuzzer - https://llvm.org/docs/LibFuzzer.html



OSS-Fuzz 
Fuzzing as a service

• Continuous fuzzing for open source projects


• You write glue code that tells OSS-Fuzz how to test your 
code. It takes some data (ptr, length), and returns an int. 0 
==> success.


• You write a config that tells OSS-Fuzz how to get/build 
your code


• And… that’s it!



What do you get?

• Ideally … nothing!


• Whenever OSS-Fuzz finds a problem, it opens an issue in 
a bugzilla, and sends you an email with the details.


• After the bug is fixed, OSS-Fuzz pulls the new version, 
builds and tests it, and closes the bug.


• If it doesn’t get fixed, after 90 days, the bug is made 
public.



An example test
extern “C” int LLVMFuzzerTestOneInput
(const uint8_t *data, size_t size)
{

std::vector<uint8_t> working(data, data + size);
std::sort(working.begin(), working.end());

if (!std::is_sorted(working.begin(), working.end()))
       return 1;

if (!std::is_permutation(data, data + size, working.cbegin()))
       return 99;

return 0;
}
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{
The __far* Side

Chris Oldwood
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ITU M.1677



--- DASH ---

M.1677 : International 
Morse code
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This is Why We Can’t 
Have Nice Things

Jon Kalb 
ACCU 2018
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East const
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Dan Saks
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Consistent const
The rule for const is:

!4
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const applies to what is on its le=,
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Consistent const
The rule for const is:

!4

const applies to what is on its le=,
unless there is nothing to its le=,

then it applies to what’s on its right.



Consistent const
My rule for const is:
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Consistent const
My rule for const is:
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const applies to what is on its le=,.



Read Order
When declaring an integer const,
don’t you want to read it as “a constant integer?”
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Read declarations “inside out” and “right to left.”
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Read declarations “inside out” and “right to left.”

Read Order
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void (*fn)(int);



Read declarations “inside out” and “right to left.”

Read Order

“fn is a pointer to a function that takes an int and returns void.”
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void (*fn)(int);



Read declarations “inside out” and “right to left.”

Read Order
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Read declarations “inside out” and “right to left.”

Read Order
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long (&ra)[3] = a;



Read declarations “inside out” and “right to left.”

Read Order

“ra is a reference to an array of three longs.” 
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long (&ra)[3] = a;
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Read Order
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Read declarations “inside out” and “right to left.”

Read Order
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char * const pc = str;



Read declarations “inside out” and “right to left.”

Read Order

“pc is a constant pointer to character.” 
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Read declarations “inside out” and “right to left.”

Read Order
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Read Order
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Read declarations “inside out” and “right to left.”

Read Order

“pc is a constant pointer to constant character.”

!10

char const * const pc = str;



Read declarations “inside out” and “right to left.”

Read Order
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Read declarations “inside out” and “right to left.”

Read Order
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int const & ri = i;



Read declarations “inside out” and “right to left.”

Read Order

“ri is a reference to a constant interger.” 

!11

int const & ri = i;



Constant pointers

Required East const Cases
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char * const pc = str;

Constant member functions

size_type size() const;



This case may be confusing to for programmers that don’t know the const rule.

What does this mean?
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char const * pc = str;



This case may be confusing to for programmers that expect the const to apply to 
the “Widget” in the alias.

What does this mean?
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using WidgetPtr = Widget*;

const WidgetPtr wp = &w;



This case may be confusing to for programmers that expect the const to apply to 
the “Widget” in the alias.

What does this mean?

!14

using WidgetPtr = Widget*;

const WidgetPtr wp = &w;

WidgetPtr const wp = &w;
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This is why we can’t have nice things
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If you must remain consistent with the 
past, you can never improve.



Join the Revolution
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Join the Revolution
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We have always been at 
war with West Constia



auto someFunc( int i ) -> std::string;

// instead of

std::string someFunc( int i );



auto someFunc( int i ) const -> std::string;

// instead of

std::string someFunc( int i ) const;



template <typename Lhs, typename Rhs>
auto add( Lhs const& lhs, Rhs const& rhs ) -> decltype( lhs + rhs ) {
    return lhs + rhs;
}



auto lambda = []-> double { return 0; }









But…



func factorial(of : Int) -> IntSwift
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factorial :: (Integral a) => a -> a  Haskell



func factorial(of : Int) -> IntSwift

factorial :: (Integral a) => a -> a  Haskell

Maths f(x) -> y



auto doesItBlend() -> bool;
auto whatsYourFavouriteNumber() -> int;
auto add( double a, double b ) -> double;
void setTheControls();



auto doesItBlend() -> bool;
auto whatsYourFavouriteNumber() -> int;
auto add( double a, double b ) -> double;
void setTheControls();

virtual void foo();
virtual auto bar() -> int;





template <typename Lhs, typename Rhs>
auto add( Lhs const& lhs, Rhs const& rhs ) -> decltype( lhs + rhs ) {
    return lhs + rhs;
}

auto lambda = []-> double { return 0; }



#define func auto



#define func auto

#define let auto const

#define var auto



#define func auto

#define let auto const

#define var auto

func len( std::string s ) -> size_t {
    let length = s.size();
    return length;
}





SLASH 
OR 

DASH



2018-04-13



/// SLASH ///

Friday the 13th



Peter Sommerlad - FOOL 
Michel Grootjans - Crafting Guitars 
Rob Smallshire - The Gender Equality Paradox 
Florian Gilcher - Trains 
Graham Haynes - On Automati 
Marshall Clow - Fuzzing Your Code 
Chris Oldwood - The Far Side 
Jon Kalb - This is Why We Can't Have Nice Things 
Phil Nash - East All The Things 
Jim Hague - A Brief of one-line abuses 
Mike Seymour - Sparsity Parsery 



  

A Brief History
Of Online Abuses

Jim Hague
jim.hague@acm.org

@banburybill

mailto:jim.hague@acm.org


  

SPAM



  



  

29th March

1864



  



  

WIRE



  

1834



  



  



  

419



  

180?



  



  

What has been will be again,
    what has been done will be done again;

    there is nothing new under the sun.

 Ecclesiastes 1:9
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Sparsity Parsery

Or

Compile-time trickery for dealing
with sparse key sets

Mike Seymour                              github.com/mikeseymour/wocca



  

Problem

● Receiving key-value tags with integer keys

● Keys cover a large range of values

● Messages might contain many tags

● We're only interested in a small, fixed subset

● Examples:

– Music tagging (like ID3v2)

– Financial protocols (like FIX) 



  

Solution

● Parse the interesting tags into a small array:

parser<title,album,artist> p(reader);

● Read them by key, calculating the array index at 
compile time:

out << “Title: “ << p.at<title>();

out << “Album: “ << p.at<album>();

p.at<bpm>(); // ERROR! unspecified tag



  

Basic types

● Values: perhaps a view over received data

using view = std::string_view;

● Tags: nullable pairs (philosophically awkward)

struct tag {

    explicit operator bool() const; 

    int key;

    view value;

};

● Reader: functor returning sequential tags



  

The Parser

● Contains an array of values

● Initialised from a reader

while (tag t = reader()) {

    int i = index(t.key);

    if (i >= 0) values[i] = t.value;

}

● Read by key

static_assert(index(key) >= 0);

return values[index(key)];



  

Gory details: Key sets

● A compile-time set of integer keys:
template <int... Keys> struct keyset {

  static constexpr int keys[] {Keys...};

};

● Operations, including
// gory details omitted

template <class Keys> using sort = keyset<???>;



  

Gory details: Finding the index

● Binary search in a sorted key-set's array
using sorted = sort<keyset<Keys...>>;

int first = 0, last = std::size(sorted::keys);

while (first != last) {

    int mid = first + (last-first)/2;

    if (sorted::keys[mid] == key) 

        return mid;

    if (sorted::keys[mid] < key)

        first = mid+1;

    else

        last = mid;

}

return -1;



  

Gory details: Sorting the keys

template <int Key, class Keys> struct prepend_;
template <int Key, class Keys> using prepend = typename prepend_<Key, Keys>::result;

template <int Key, class Keys> struct prepend_ {using result = keyset<Key>;};
template <int Key, int... Keys> struct prepend_<Key, keyset<Keys...>> 
    {using result = keyset<Key, Keys...>;};

template <int Key, class Keys> struct remove_;
template <int Key, class Keys> using remove = typename remove_<Key, Keys>::result;

template <int Key, class Keys> struct remove_ {using result = keyset<>;};
template <int Key, int... Tail> struct remove_<Key, keyset<Key, Tail...>>
    {using result = keyset<Tail...>;};
template <int Key, int Head, int... Tail> struct remove_<Key, keyset<Head, Tail...>> 
    {using result = prepend<Head, remove<Key, keyset<Tail...>>>;};

template <class Keys> struct min_;
template <int Single> struct min_<keyset<Single>> {static constexpr int result = Single;};
template <int Head, int... Tail> struct min_<keyset<Head, Tail...>> {
    static constexpr int tail = min_<keyset<Tail...>>::result; 
    static constexpr int result = Head < tail ? Head : tail;
};
template <class Keys> static constexpr int min = min_<Keys>::result;

template <class Keys> struct sort_;
template <class Keys> using sort = typename sort_<Keys>::result;

template <> struct sort_<keyset<>> {using result = keyset<>;};
template <int... Keys> struct sort_<keyset<Keys...>> {
    static constexpr int first = min<keyset<Keys...>>;
    using result = prepend<first, sort<remove<first, keyset<Keys...>>>>;
};
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THANKS!


