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The Most Important Design Guideline

https://www.youtube.com/watch?v=a76Z__kQJdo&t=83s
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Design Guidelines for Eigen
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Design Guidelines for Eigen

Eigen's class hierarchy is designed so that virtual functions are avoided 
where their overhead would significantly impair performance. Instead, Eigen 
achieves polymorphism with the Curiously Recurring Template Pattern 
(CRTP). In this pattern, the base class (for instance, MatrixBase) is in fact 
a template class, and the derived class (for instance, Matrix) inherits the 
base class with the derived class itself as a template argument (in this case, 
Matrix inherits from MatrixBase<Matrix>). This allows Eigen to resolve 
the polymorphic function calls at compile time.

In addition, the design avoids multiple inheritance. One reason for this is that 
in our experience, some compilers (like MSVC) fail to perform empty base 
class optimization, which is crucial for our fixed-size types.

https://eigen.tuxfamily.org/dox/namespaceEigen.html
https://eigen.tuxfamily.org/dox/namespaceEigen.html
https://eigen.tuxfamily.org/dox/classEigen_1_1MatrixBase.html
https://eigen.tuxfamily.org/dox/classEigen_1_1Matrix.html
https://eigen.tuxfamily.org/dox/classEigen_1_1Matrix.html
https://eigen.tuxfamily.org/dox/classEigen_1_1MatrixBase.html
https://eigen.tuxfamily.org/dox/classEigen_1_1Matrix.html
https://eigen.tuxfamily.org/dox/namespaceEigen.html
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The C++ Standard Library

https://github.com/cplusplus/LEWG/blob/archive/library-design-guidelines.md

•Don't be clever.

•Don't be stupid.

•Naming matters.

•Generic components should be aware of move-only types.

•We are thread-compatible [res.on.data.races].

•Exceptions are used for error conditions (there are some exceptions).

•Do not gratuitously overload operators.

•Classes allocating memory get an allocator (inconsistently applied).

•Containers get allocators unless they don't allocate.

•Containers use allocator through allocator traits.

•Allocators are part of type unless there is already type-erasure for other 

 reasons.
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The C++ Standard Library

https://github.com/cplusplus/LEWG/blob/archive/library-design-guidelines.md

•const-correctness is observed and is used as a proxy for thread-safety 
in the standard library.

•Class signatures want to be near minimal (the obvious counter-example 
is std::basic_string).

•Destructors shall not throw.

•Things should be constexpr where reasonable.

•Avoid inheritance and virtual functions where possible.

•Prefer function objects (i.e., deduced templates) to function pointers.

•Types should be allowed to be different rather than assuming they are 
same.

•Generic components should take advantage of parameters with 
stronger concepts.
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The C++ Standard Library

https://github.com/cplusplus/LEWG/blob/archive/library-design-guidelines.md

•When designing a class type, where possible it should be a "regular 
type" (to be defined), e.g., different objects are independent.

•Use std::addressof() to obtain addresses based on generic parameters.

•Prefer to specify nested types as a typedef for an unspecified or 
implementation-defined type, rather than as a class or enumeration 
type. This avoids over-constraining implementations.

•Do not use requires clauses or define new language-level concepts until 
the introduction (section 6) and fundamental concepts (section 7) from 
the Ranges TS have merged into the IS.
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Boost

https://www.boost.org/development/requirements.html
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Boost

https://www.boost.org/development/requirements.html
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The Most Important API Design Guideline?

https://www.youtube.com/watch?v=a76Z__kQJdo&t=83s
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The Most Important API Design Guideline?

TESTABILITY
https://www.youtube.com/watch?v=a76Z__kQJdo&t=83s
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The Most Important API Design Guideline is Testability



Why is Testing Important?
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• We are human!



Testability
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• Unit Tests
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• Unit Tests

Interlude
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• Unit Tests
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Testability

https://staff.fnwi.uva.nl/p.vanemdeboas/knuthnote.pdf
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Testability or Provability?

https://staff.fnwi.uva.nl/p.vanemdeboas/knuthnote.pdf



Testability
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• Unit Tests
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Knuth on Unit Tests

In that vein, today’s developers frequently build programs writing 
small code increments followed by immediate compilation and the 
creation and running of unit tests. What are your thoughts on this 

approach to software development?

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on Unit Tests

In that vein, today’s developers frequently build programs writing 
small code increments followed by immediate compilation and the 
creation and running of unit tests. What are your thoughts on this 

approach to software development?

As to your real question, the idea of immediate compilation and 
"unit tests" appeals to me as the ultimate silver bullet.  I've been 
waiting my entire career for such an advancement in computer 

programming methodology.

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on Unit Tests

In that vein, today’s developers frequently build programs writing 
small code increments followed by immediate compilation and the 
creation and running of unit tests. What are your thoughts on this 

approach to software development?

As to your real question, the idea of immediate compilation and 
"unit tests" appeals to me only rarely, when I’m feeling my way in 

a totally unknown environment and need feedback about what 
works and what doesn’t. Otherwise, lots of time is wasted on 

activities that I simply never need to perform or even think about. 
Nothing needs to be "mocked up."
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Knuth on ...

Can you give some examples that are currently in vogue, which 
developers shouldn’t adopt simply because they’re currently popular or 

because that’s the way they’re currently done? Would you care to 
identify important examples of this outside of software development?

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on ...

I hate to duck your questions even though I also hate to offend 
other people’s sensibilities—given that software methodology has 

always been akin to religion. 

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on ...

I hate to duck your questions even though I also hate to offend 
other people’s sensibilities—given that software methodology has 

always been akin to religion. With the caveat that there’s no 
reason anybody should care about the opinions of a computer 

scientist/mathematician like me regarding software development, 

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on Extreme Programming

I hate to duck your questions even though I also hate to offend 
other people’s sensibilities—given that software methodology has 

always been akin to religion. With the caveat that there’s no 
reason anybody should care about the opinions of a computer 

scientist/mathematician like me regarding software development, 
let me just say that almost everything I’ve ever heard associated 

with the term "extreme programming" sounds like exactly the 
wrong way to go...with one exception. The exception is the idea of 

working in teams and reading each other’s code. That idea is 
crucial, and it might even mask out all the terrible aspects of 

extreme programming that alarm me.
https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on Extreme Programming and Code Reuse

I also must confess to a strong bias against the fashion for 
reusable code. To me, "re-editable code" is much, much better 
than an untouchable black box or toolkit. I could go on and on 

about this. If you’re totally convinced that reusable code is 
wonderful, I probably won’t be able to sway you anyway, but you’ll 

never convince me that reusable code isn’t mostly a menace.

https://www.informit.com/articles/article.aspx?p=1193856
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Knuth on His Testing Methodology

I generally get best results by writing a test program that no sane 
user would ever think of writing.  My test programs are intended to 

break the system, to push it to its extreme limits, to pile 
complication on complication, in ways that the system 

programmer never consciously anticipated. To prepare such test 
data, I get into the meanest, nastiest frame of mind that I can 

manage, and I write the cruelest code I can think of; then I turn 
around and embed that in even nastier constructions that are 

almost obscene.


Donald Knuth, The Errors of TEX (1989)



What is the purpose of testing software?
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How do you test your software?
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How do you test your software?

49https://en.wikipedia.org/wiki/Cruise_missile



Commitment to testing your software

50https://www.linkedin.com/pulse/involved-vs-committed-you-pig-forrest



How do you test your software?

51

Blarg do_something(std::int64_t price, std::uint64_t quantity);
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How do you test your software?
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Use the Compiler

Blarg do_something(std::int64_t price, std::uint64_t quantity);



Use the Compiler
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Blarg do_something(Price price, Quantity quantity);



Use the Compiler
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Blarg do_something(Price price, Quantity quantity);

No Naked Types



Use the Compiler
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Blarg do_something(Price price, Quantity quantity);

Blarg do_something(Price, Quantity);



Use the Compiler
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Blarg do_something(
    Price bid_price,
    Quantity bid_quantity,
    Price ask_price,
    Quantity ask_quantity);



Use the Compiler

58

Blarg do_something(
    BidPrice bid_price,
    BidQuantity bid_quantity,
    AskPrice ask_price,
    AskQuantity ask_quantity);

Blarg do_something(
    BidPrice,
    BidQuantity,
    AskPrice,
    AskQuantity);



Easy Strong Types???
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struct [[clang::annotate("strong(int)")]] Flip;
struct [[clang::annotate("strong(int,+,-,->")]] Flop;



What do you test?  What is an API?
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Legendary Exemplar
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https://www.youtube.com/watch?v=Y9clBHENy4Q



Knight Capital Cease and Desist
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Summary
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Retail Liquidity Program
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General Idea: Replace Power Peg with RLP
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General Idea: Replace Power Peg with RLP
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Power Peg Routes Orders Until Filled
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Power Peg Value No Longer Used  
Source Not Removed
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Rewrite; Power Peg Moved, Not Removed
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Did Not Retest Power Peg
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Deploy Version to Support RLP
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Manual Deployment Mistake
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No Review or Test of Deployment
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RLP Goes Live on 7 Servers
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Power Peg Runs on 1 Server
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2005 Bites Back
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Why Should I Tell You?
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$460,000,000 in 45 Minutes
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What is an Error?
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Just a Notification: Nothing to See
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If Only Someone Told Me
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No Automated Monitoring
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Rollback???
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Really Good Bugs



86

Discussion and Questions 
How can we test it?

•Remove old code and add new code at the same time

•Reuse and existing "value" for completely different functionality

•Stopped using Power Peg in 2003, dead code still around

•Refactored code in 2005 ; moved dead code ; test still pass

•Manual deployment ; no review ; no tests

•Different components had different view of same thing

•email for important log messages

•Rollback made matters worse
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Generated Code
• Got your own code generator?

• How do you test it?

• How do you test the generated code?

• How do you code review the generated code?


• Always commit code generated from your own generator into 
the source repository

• I know everyone else says not to do that

• I used to be part of everyone...

• Everyone else is wrong


• I learned the hard way - not as hard as Knight, but hard enough 
to never repeat that mistake again.



88

Can We Talk?



Object Oriented Programming

89

• Name the top object oriented programming languages
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• Name the top object oriented programming languages

I made up the term 
object oriented, and 
I can tell you, I didn't 

have C++ in mind.



Object Oriented Programming
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• Name the top object oriented programming languages


• My Background

• Grad School: AI; LisP and Smalltalk


• What Defines Object Oriented Programming?

• Encapsulation


• Local retention and protection and hiding of state-process


• Message Passing

• Cannot be Commands

• Most important concept


• Very Late Binding

• Even behavior



So, What is the Stuff Most of the Industry Calls OOP?
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• Alan Kay is nicer than me ; he uses "Real OOP" for the OG stuff


• But why should the OG have to change names?


• I propose Pseudo Object Oriented Programming


• It even comes with its own acronym: POOP


• And emoji: 💩
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Object Oriented Programming

Let's just talk







Love at First Sight
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Pseudo-TTY in STREAMS
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TCP/UDP in STREAMS

108Solaris Internals



TCP/UDP in STREAMS

109Solaris Internals



Reliability
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Remember the library to intercept SYSV IPC?

New requirement - reliability

Multiple network cards

Use available network cards to recovery from failures



Reliability
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3COM ETHERLINK III
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Remember the library to intercept SYSV IPC?

New requirement - reliability

Multiple network cards

Use available network cards to recovery from failures
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Remember the library to intercept SYSV IPC?

dcom.a

DCOM

UDP

user

kernel



Reliability

114Solaris Internals

DCOM

DCOM 
Socket
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