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Cost of Defects in Software Development

35
——

Requirements Design Coding Integration/ Post-Release
Testing

Source: Boehm, Software Engineering Economics (1981) - IBM Systems Science Institute
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For an advanced microprocessor
according to the internet

X Verification typically consumes 60-70%
of total design engineering effort

X Large chips may have 1,000+ verification
engineers

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

X Companies like Intel run billions of
simulation cycles before tape-out

X The engineering cost of verification for a
leading-edge processoris often $500M-
$1B+ for the full program

Process Node Mask Set Cost (approx.)
7nm ~$15-30 million

5nm ~$50-70 million

3nm ~$80-150 million+
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Functional Quality
A Meeting the specified

j - _ requirements

- A Low defect count

v/ — A Good enough
performance
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Functional Quality
A Meeting the specified

j : ) requirements

/) - A Low defect count

v - A Good enough
Process Quality performance

A Meeting delivery dates

A Meeting budgets

A Reliable, repeatable
development
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Functional Quality
A Meeting the specified
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Structural Quality ¢ == 0 A Low defect count
v - A Good enough

o A Testability
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El ﬂ A Understandability
A Efficiency
A Security
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A Meeting delivery dates
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Functional Quality
A Meeting the specified

Structural Quality j _— requirements

A Testability v/ — A Low defect count
A Malleability, Maintainability v = A Good enough

A Understandability performance

A Efficiency

A Security

Process Quality
_‘ A Meeting delivery dates

A Meeting budgets
A Reliable, repeatable

development
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Process Quality

Functional Quality

Arch Design Implementation Validation Maintenance
) N bl
[]E‘ﬁ Structural Process y=| Functional
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Testabllity
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Malleability

Maintainability
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Understandabillity
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Efficiency
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Security
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Composability
VY

Abstraction
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Simple Made Easy

Rich Hickey

strange

Strange Loop
Sept 19-20, 2011
https://thestrangeloop.com




= One fold/braid x But not
= One role ®x One instance

= One task ®x One operation

= One concept ® About lack of
interleaving, not
strange cardinality

= One dimension

Strange Loop
Sept 19-20, 2011
https://thestrangeloop.com




—asy

= Near, at hand = Near our capabllities

= On our hard drive, In = Easy is relative
our tool set, IDE, apt
get, gem install...

x Near to our

understanding/skill set
strange

x familiar
Strange Loop

Sept 19-20, 2011
https://thestrangeloop.com
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Architecture

Implementation
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Ben
has the
bowl.

C++Now 2026 Lasting Quality intel 28



Ben
has the
bowl.
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Ben
has the
bowl.
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ldea / Concept
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Mobile client Third-party API

Auth service API gateway
: Auth, rate limiting, routing

User\iervice Inventory service Order service Notify service

Users DB Inventory DB : Session cache
PostgreSQL Pc eSQL Redis

Distributed tracing Metrics aggregator

C++Now 2026 Lasting Quality
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ldea / Concept

A

H = —B p(x) Iogz p(x) articulate
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Programming as Theory Building

Peter Naur

1985

Peter Naur's classic 1985 essay “Programming as Theory Building” argues that a program
is not its source code. A program is a shared mental construct (he uses the word theory)
that lives in the minds of the people who work on it. If you lose the people, you lose the
program. The code is merely a written representation of the program, and it’s lossy, so you

can’t reconstruct a program from its code.

Introduction

The present discussion is a contribution to the under-
standing of what programming is. It suggests that pro-
gramming properly should be regarded as an activity by
which the programmers form or achieve a certain kind of
insight, a theory, of the matters at hand. This sugges-
tion is in contrast to what appears to be a more common
notion, that programming should be regarded as a pro-
duction of a program and certain other texts.

Some of the background of the views presented here is
to be found in certain observations of what actually hap-
pens to programs and the teams of programmers dealing
with them, particularly in situations arising from unex-
pected and perhaps erroneous program executions or re-
actions, and on the occasion of modifications of programs.
The difficulty of accommodating such observations in a
production view of programming suggests that this view
is misleading. The theory building view is presented as
an alternative.

A more general background of the presentation is a
conviction that it is important to have an appropriate un-
derstanding of what programming is. If our understand-
ing is inappropriate we will misunderstand the difficulties
that arise in the activity and our attempts to overcome
them will give rise to conflicts and frustrations.

In the present discussion some of the crucial back-
ground experience will first be outlined. This is followed
by an explanation of a theory of what programming is,
denoted the Theory Building View. The subsequent sec-
tions enter into some of the consequences of the Theory
Building View.

Programming and the Programmers’ Knowledge

I shall use the word programming to denote the whole ac-
tivity of design and implementation of programmed so-
lutions. What I am concerned with is the activity of
matching some significant part and aspect of an activity

C++Now 2026

in the real world activity being matched by the program
execution, in other words program modifications.

One way of stating the main point I want to make
is that programming in this sense primarily must be the
programmers’ building up knowledge of a certain kind,
knowledge taken to be basically the programmers’ imme-
diate possession, any documentation being an auxiliary,
secondary product.

As a background of the further elaboration of this
view given in the following sections, the remainder of the
present section will describe some real experience of deal-
ing with large programs that has seemed to me more and
more significant as [ have pondered over the problems.
In either case the experience is my own or has been com-
municated to me by persons having first hand contact
with the activity in question.

Case 1 concerns a compiler. It has been developed
by a group A for a Language L and worked very well on
computer X. Now another group B has the task to write
a compiler for a language L + M, a modest extension of
L, for computer ¥. Group B decides that the compiler
for L developed by group A will be a good starting point
for their design, and get a contract with group A that
they will get support in the form of full documentation,
including annotated program texts and much additional
written design discussion, and also personal advice. The
arrangement was effective and group B managed to de-
velop the compiler they wanted. In the present context
the significant issue is the importance of the personal ad-
vice from group A in the matters that concerned how to
implement the extensions M to the langnage. During the
design phase group BB made suggestions for the manner
in which the extensions should be accommodated and
submitted them to group A for review. In several major
cases it turned out that the solutions suggested by group
B were found by group A to make no use of the facili-
ties that were not only inherent in the structure of the
existing compiler but were discussed at length in its doc-
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ldea / Concept

namespace detail {
template <typename B>
concept boolean_testable_impl = stdx::convertible_to<B, bool>;

A
template <typename B>
concept boolean_testable = boolean_testable_impl<B> and requires(B &&b) {
{ not std::forward<B>(b) } -> boolean_testable_imp1l;
} .
} // namespace detail articulate
template <typename F, typename... Args>
concept predicate = invocable<F, Args...> and
detail::boolean_testable<std::invoke_result_t<F, Args...>>;

template <typename T>
concept callable = is_callable_v<T>;

Code/Syntax

template <typename T, template <typename> typename TypeTrait>
concept has_trait = TypeTrait<T>::value;
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Mathematical Notation

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

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

® W

C++Now 2026 Lasting Quality intel 41



BQN Quick Sort

_quicksort VvV {CmpgrM h SW{pviCmp1irfRand X D160611{S 1 WrO\p} <6=6>} (1<K

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

_quicksort v {
Cmpv M
Partition v {
pivot Vv 1 rf Rand 1)
P v 11 Cmpg pivot
D 16061 1 {S 1 WT OVp} <6=06>
}
S v Partition (1< XK
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Quick Sort

_quicksort v {

Cmpv M
Partition v {

pivot Vv 1 rr Rand 71X
P vV 1 Cmpg pivot
D 16061 1 {S 1 WT OVp} <6=6>

}
S v Partition (1< XK

C++Now 2026

int partition(vector<int> &vec, int low, int high) {
int pivot = vec[high];
int i = (low - 1);

for (int j = low; j <= high - 1; j++) {

by

if (vec[j] <= pivot) {

i++;

swap(vec[i], vec[j]);

s

swap(vec[i + 1], vec[highl);
return (1 + 1);

void quickSort(vector<int> &vec, int low, int high) {
if (low < high) {

by

Lasting Quality

g

int pi = partition(vec, low, high);
quickSort(vec, low, pi - 1);
quickSort(vec, pi + 1, high);
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EBNF JSON

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

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

<json_null > 2= "null”

<json_boolean > :="true" | “false"

<json_number > =" -"2("0" | [1 -91[0 -9]*)(""[O -91+H)?2 (("E" | "e") ("+" " -")?2[0 -9]+)?
<json_string > = <quote> <char>* <quote>

<json_array > S=T < 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 3U+001F
<escaped> .= <escape> (" | LS A I o I G 0 B A o B G IR unicode_escape >)
<unicode_escape > :="U"<hex> <hex> <hex> <hex>

<hex> ==[0 -91|[A -Fl|[a -f]

<escape> =" \ "

<quote> ="

<ws> N G I \Vt " An" " )
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Spirit JSON

value =

null_value

bool_value

string_value

lexeme[!("+' | (-1it('-') >> '®' >> digit)) >> int_ >> !char_(".eE")]
lexeme[!'('+"' | (-1it('-"') >> '0@' >> digit)) >> double_]

object

array

object =
1it('{') >> -(member_pair % ',') >> 1it('}');

member_pair =
string_value >> ':' >> value;

array =
LitC'[') >> =(value '%. ",") > Wit(']'):

null_value =
Lit("null") >> attr(json::null_t());
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/[ clang - format off

/[ clang - format on
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int partition(vector<int> &vec, int low, int high) {
int pivot = vec[high];
int 1 = (low - 1);

for (int j = low; j <= high - 1; j++) {
if (vec[j] <= pivot) {
i++;
swap(vec[i], vecl[ji]);
s
+

swap(vec[i + 1], vec[highl);
return (1 + 1);

void quickSort(vector<int> &vec, int low, int high) {
if (low < high) {
int pi = partition(vec, low, high);
quickSort(vec, low, pi - 1);
quickSort(vec, pi + 1, high);
i
+
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struct hello_world {

auto operator()() const {

using namespace sml;
// clang-format off

return make_transition_table(

* state<established> +

, state<fin_wait_1>
, state<fin_wait_2>
, state<timed_wait>

);

// clang-format on

C++Now 2026
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event<release>
event<ack>[1is_ack_valid]
event<fin>[is_fin_valid]
event<timeout>

Lasting Quality

/ send_fin

/ send_ack
/ send_ack

state<fin_wait_1>
state<fin_wait_2>
state<timed_wait>
X
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Communication
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