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Cost of Defects in Software Development

Source: Boehm, Software Engineering Economics (1981) · IBM Systems Science Institute
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For an advanced microprocessor

xVerification  typically consumes 60ς70% 
of total design engineering effort

xLarge chips may have 1,000+ verification 
engineers

xSimulation, formal verification, emulation 
(using FPGA farms), and silicon bring -up all 
layer on top of each other

xCompanies like Intel run billions of 
simulation cycles  before tape -out

xThe engineering cost of verification for a 
leading -edge processor is often $500M ς
$1B+ for the full program

according to the internet

Process Node Mask Set Cost (approx.)

7nm ~$15ς30 million

5nm ~$50 ς70 million

3nm ~$80 ς150 million+
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FunctionalProcessStructural

Process Quality

Arch Design Implementation Validation Maintenance

Functional Quality

Structural Quality
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Testability
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Malleability
Maintainability
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Understandability
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Efficiency
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Security
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"KJePˠ RNVˠ
the Lede

Composability

Abstraction
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0, 1, 2
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0, 1, 2, N



Lasting QualityC++Now 2026 22

Architecture

Design

Implementation
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bowl.
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Idea / Concept
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Idea / Concept

Diagram

articulate
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Idea / Concept

Equation

articulateH =ҍВp(x) ƭƻƎіp(x)
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Idea / Concept
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Mathematical Notation

Ὡ

https://en.wikipedia.org/wiki/Euler's_formula
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Mathematical Notation

Ὥὸ ὍὩ
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_quicksort ѷ { Cmpѷ  ẖ Sѷ{ pѷCmpȑṟȑRandҖ ẖ Ḓ1б0б1 { S / ȑ0 p} ¨ <б=б>} ( 1<Җ)}

BQN Quick Sort

https://github.com/mlochbaum/BQN/blob/master/examples/fifty.bqn
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BQN Quick Sort

_quicksort ѷ {

  Cmp ѷ 

  Partition ѷ { 

    pivot  ѷ  ṟȑ Rand Җ 

    p     ѷ  Cmpȑ pivot

    Ḓ 1б0б1  { S  / ȑ 0 p} ¨ <б=б>

  }

  S ѷ Partition ( 1<Җ)

}



Lasting QualityC++Now 2026 44

_quicksort ѷ {

  Cmp ѷ 

  Partition ѷ { 

    pivot  ѷ  ṟȑ Rand Җ 

    p     ѷ  Cmpȑ pivot

    Ḓ 1б0б1  { S  / ȑ 0 p} ¨ <б=б>

  }

  S ѷ Partition ( 1<Җ)

}

Quick Sort



Lasting QualityC++Now 2026 45

<json_text >        ::= < ws> < json_value > < ws>

<json_value > ::= < json_object > | < json_array > | < json_string > | < json_number > | < json_boolean > | < json_null >

<json_null >        ::= "null"

<json_boolean >     ::= "true" | "false"

<json_number >      ::= " - "? ( "0" | [1 - 9] [0 - 9]* ) ( "." [0 - 9]+ )? ( ( "E" | "e" ) ( "+" | " - " )? [0 - 9]+ )?

<json_string >      ::= <quote> <char>* <quote>

<json_array >       ::= "[" < ws> ( < json_value > < ws> ( "," < ws> < json_value > < ws> )* )? "]"

<json_object >      ::= "{" < ws> ( <member> < ws> ( "," < ws> <member> < ws> )* )? "}"

<member>           ::= < json_string > < ws> ":" < ws> < json_value >

<char>             ::= <unescaped> | <escaped>

<unescaped>        ::= any Unicode character except '"' (U+0022), ' \ ' (U+005C), and U+0000 ЗU+001F

<escaped>          ::= <escape> ( '"' | ' \ ' | '/' | 'b' | 'f' | 'n' | 'r' | 't' | < unicode_escape > )

<unicode_escape >   ::= "u" <hex> <hex> <hex> <hex>

<hex>              ::= [0 - 9] | [A - F] | [a - f]

<escape>           ::= " \ "

<quote>            ::= '"'

<ws>               ::= ( " " | " \ t" | " \ n" | " \ r" )*

EBNF JSON
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Spirit JSON
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= += - = *= /= %= &= |= ^= <<= >>= 
++ --  ++ --  + -  * / % ~ & | ^ << 
>> ! && || == != < > <= >= <=> 
[Ц] * & - > . - >* .* , ?

>:[
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// clang - format off

// clang - format on
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Communication


