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“Figure out how the machine works and then
figure out how to program it.”

@ - Kay McNulty, ENIAC Team



r= Mental Models Reality

—_—
f‘s‘:

Mental Models affect the way we see
and interpret reality. They are like the
filters through which we see the world.




Jennings, Wescoff, & Lichterman, 1946



There was no source code...



There was no source code...
The program was the machine.
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IDENTIFICATION
PROGRAM |IC
AUTHOR, JOHN DOE,
DATE. APRIL 5TH 19560,
REMARKS ,
NPUT FROM RUN 4 ANC
THIS PROGRAM
EMPLOYEES ONLY,

ENVIRONMENT DIVISION,

CONF IGURATION SECTION,

SOURCE COMPUTER. COMPUTER NAME,

OBJECT COMPUTER. COMPUTER NAME,

SPECIAL NAMES, HARDWARE NAME,

INPUT-OUTPUT SECTION,

FILE CONTROL, SELECT FILE-NAME 1
SELECT FILE-NAME 2 SELECT ceceee

|«O CONTROL, APPLY <ceee

TEIELEEEEE R R LR

DATA DIVISION,
RD MASTER-PAYROLL, LABEL RECORDS ARE
STANDARD,DATA RECORDS ARE MASTER-
, SEQUENCED ON BADGE-NUMBER.
01 MAST Y SIZE 1S 180 CHAR-
ACTERS. CLASS IS ALPHAMERIC,
02 BADGE-NUMBER SIZE 1S 12
CHARACTERS, PICTURE IS
AAAXXXG59999 «

PROCEDURE DIVISION,

COMPUTATIONS SECTIONe

UPDATE-MASTER. MOVE ADJUSTED-RAY TO
NET-PAY. ADD GROSS-PAY JO GROSS-
YEAR-TO-DATE., WRITE UPDATED-
MASTER-PAY, READ MASTER-PAYROLL
RECORD .
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D4 Example Systetns

D Ewaluation and Case E-’ruu:liesq- D2 Implemmentation
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D1 Design
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Now there Is source code...
The machine is the code.
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Melvin Conway






Project-Based Organizations



N “Project-based organizations
Engineering
Project revolve around the concept
Organization C e
Journal that a group of individuals or
firms join together with the
explicit purpose of producing a
tangible set of outputs”

BN __ paul Chinowsky, EPOJ 2011



“How Do Committees Invent?”



il Harvard







HOW DO
COMMITTEES
INVENT?

by MELYIN E. CONWAY

at kind of intellectal netiviey which creates
a nseful whole frem its diverse purts may be
called the disige of a system. Whether the
particular activity is the crealion of specifica-
lions for a major weapon system, the formmtion of 4 ree
ommendstion to meet 4 sovis] challenge, or the progran-
miny of 1 computer, the general activity & Jargely the
sam
valmllly, the objective of & design crgunization iy the
ereation and asserably of & documenl vonlaining a coberent-
b stwetned body of informtion. We may name this
information the system design. It is typically produced for
w spousor who usually desires to cury ont some activity
guided by the system design. For example, 2 public afficial

muy wish to propose legislation to avert & recurrence of a

recent disaster, so he appoinls a team p explain the calas-

trophe. Or a wanufactuver nceds 1 now pmduu aucl desig-
v wh

nates a praduet plimning welivily o spe
introduced

The design orgunizution may or may not be involved in
the gonstmetion af the spstem it designs. Froquently, in
publie allairs, there are policics which discowrnge a group™s
eting upon ils oww recommendalions, whereas, in private
industry, guite the opposite situation of len provails,

Tt sens reasonable to supposs that the kuowledge that
ang will have to curry ont one’s gwn recommendations or
thar ¢his task will fall to others, probubly affects some
design chaices which the individual designer i ealled upon
1o make, Most design activiry requires continually making
choicos, Meny of thicse choices may be more then dosign
devisivus, they muy also be personal decisions the destener
makes sbout his own futare. As we shall see lter, the
incentives which axist n & conventiona] munsgement en-
wironment can mativate ghoices which sabeert the intent of
the sponsor?

¢ should be

stuges of design
The inilial stages of + desigu effort are concerned more
with structining of the design activity than with the system
itself.2 The ﬁlH-hlu\‘m destyin actvity cammot proceed wiitil
stones are passed. These include:
:Lawd ng of the boundarics, hoth on the dcu;n
activily and o0 the system to be desigued. placed by
the sponser and by the worll’s realitics
Achicvanent of a preliminaey notion of the systencs
urganization so that design task wroups cu be meun
ingefully assiyned
We shall sce tn debail later that the very act of organi

14 rolarod, but much mere comprohnsiva discussion of the bahavier of
systom-dusigning argarizalians is found in John Kennsth Gelbraith's,
Tho Neve it State Bosn, Houghon i, 15431 Son cxsetialy
Chumw ¥1, “The Technagiructur

2For o discussion of the preblem; vAith may s uhen the den
mmw s e fi of ¢ pmm in a functiona! enirenment, e
Middioton, “Horw ve it Us o Mrfest Geganizore Fomsed Susines
u-mw, Nardhap, 1967, . 73,

28

fng 2 design team meims diat certuin design docisions have
alrendy been wade, explicitly o7 utherwise, Given an
design toam organization, there is a elass of design lteria-
tives which tannut be effectively pursued by such an
organization becunse the necossary communication paths
A nat exist, Therefare, there & no sch thing us « design
gronp which s both argimized and unbissed.

One e prganization of the design team is chosen, it is
pussible Lo delogele activities to the ebgroups of the
organization, Every line a delegation is made und some-
body's scope of inguiry is nurrowed, dhe olass of design
alternatives which ean be effectively pursued Is also nar-
rowed

Onee scopes af activity ave defined, & coordination prob-
lent is treated, Coordinalion smong task gronps, alihongh
il appeurs W lewer the produelivily of the individual in the

1l grong, provides the only possibility that the separase
tusk geoups will e uble to cousulidate teir eflorts mto a
nnified system design.

Thus the Tife cycle of & system design effort procecds
thriugh the following general siages:

1. Deawing of bomdaries according 0 the wround

rules,

9. Chuice of 4 preliminary syslem concopt

3. Orgunizution of the design uctivity und delegation of

tasks wocording e thut concept

4. Cnprdination wmnngg delegated tadks

5. Conselidation of subdesigns into a single design.

It is possible that 2 given design activity will nat pro-
weed straight Uirough this list, TUmight conceivably reorga-
nize npon discovery of u new, aud vbviously superiar,
design concept; but mch um uppearance of nncortainty i
unflgttering, sud the very act of volnturily abuodouing o
vrealion s painful 'm(] »xppnmp Of counse, from the
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wheta fia is working an recog-
nitien of centinuaus spaech, He
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PhD in moth from Cass.
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design organization criteria

Any organization that designs a

system (defined more broadly here
than just information systems) will

d inevitably produce a design whose

tructure is a copy of the
organization's communication
structure.
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Conway’s Law



ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

SONIMIINIONG JUVYMLIDS NO SAVSES3

MYTHICAL
MAN-MONTH

FREDERICK P. BROOKS, JR.




ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

Brooks’ Law

“Adding manpower to a late
software project makes it later.”

| THE
MYTHICAL
MAN-MONTH

FREDERICK P. BEROOKS, JR.

-- Fred Brooks, 1975




ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

Intercommunication formula

n(n-1) / 2

SONIMIINIONG JAVMLIODS NO SAVSES3

MYTHICA L
MAN-MONTH

FREDERICK P. EROOKS, JR. L Fred BrOOkS’ 1975




ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

Intercommunication formula

5% (5-1)/2 = 10
15*%(15-1) /2 = 105
50*(50-1)/2 = 1,225
MYTHICAL 150* (150-1)/2 = 11,175
MAN-MONTH

FREDERICK P. BEROOKS, JR.

-- Fred Brooks, 1975




Dunbar’s Number

A measurement of the “cognitive
limit to the number of individuals
with whom any one person can
maintain stable relationships.’

J

-- Robin Dunbar, 1992




The Social Cortex
1,000

As brain size increases, So does group size.
Human group size as predicted by Dunbar’s
model comes out to about 150.

Monkeys= @
o @

Average social group size

1Xx 2X 3x 4x 5x B6X
Size of neocortex relative to rest of brain




Dunbar’'s Number

the max number of relationships a person can maintain




Dunbar Groups

Intimate friends: 5
Trusted friends: 15
Close friends: 35
Casual friends: 150

-- Robin Dunbar, 1992



ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

Intercommunication formula

5% (5-1)/2 = 10
15*%(15-1) /2 = 105
50*(50-1)/2 = 1,225
MYTHICAL 150* (150-1)/2 = 11,175
MAN-MONTH

FREDERICK P. BEROOKS, JR.

-- Fred Brooks, 1975
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Conway'’s (first) Law



So... what about other Conway Laws?



Conway’s Second Law
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Doing it Over

“There Is never enough time
to do something right,

but there Is always enough
time to do it over.

Mel Conway, 1967



Trade Offs



Efficiency-Effectiveness Trade Offs (ETTOs)



ETTO

Effi ciency-T rcm,éhragg Traoe~Off
V'H ﬂ'aé; That G R::\;'H Seretwes (x Mv:ré_

ERIR RO LLNAGEL



Conway’s Third Law
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ho-mo-mor-phism

/ hdma morfizam/

noun MATHEMATICS

a transformation of one set into another that preserves in the second set the relations
between elements of the first.




SYSTEM DESIGN ORGANIZATION

Common logistics Common logistics agency

Weapons special Weapons special Service A Service B
to Service A to Service B

. 3a. A Weapon System

Application User's
program programmer s

~'Programming
Language"

programmers

"Machine
Language"
System
hardware Engineers

3b. A Computer System

Figure 3 Two examples of identity of structure
between a system and its design organization.




mwsﬁas{

“If you have four groups
working on a compiler, you'll
get a 4-pass compiler.”

Tomswars ma comsens b GUY L. Steede Jr.

—— - Eric S. Raymond, 1991

ERIC S. RAYMOND




Conway’s Fourth Law
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Three reasons Disintegration occurs...
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Adding manpower to a late
software project makes it later.

| THE
MYTHICAL
MAN-MONTH

FREDERICK P. BEROOKS, JR.

-- Fred Brooks, 1975
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Dunbar’s Number

A measurement of the “cognitive
limit to the number of individuals
with whom any one person can
maintain stable relationships.’

J

-- Robin Dunbar, 1992
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he machine Is the organization.

SYSTEM DESIGN ORGANIZATION

Common logistics Common logistics agency

Weapons special ~Weapons special Service A Service B
to Service A to Service B

- 3a. A Weapon System

Application
program

rogramming
Language"
System

Sys
software

tem
programmers

UMachine
Language"

3b. A Computer System

Fign examples of identity of structure
between a system and its design organization.




Scaling



“Free” as in “Scale-Free”



“A scale-free network 1s a network whose
degree distribution follows a power law."



“A scale-free network 1s a network whose
degree distribution follows a power law."












(a) Random network




(a) Random network (b) Scale-free network










Emergence of Scaling in Random Networks

Albert-Laszlo Barabasi® and Réka Albert

Department of Physics, University of Notre-Dame, Notre-Dame, IN 46556

Systems as diverse as genetic networks or the world wide web are best described as
networks with complex topology. A common property of many large networks is that the
vertex connectivities follow a scale-free power-law distribution. This feature is found to be

a consequence of the two generic mechanisms that networks expand continuously by the

addition of new vertices and new vertices attach preferentiallv to alreadv well connected
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Top Concepts







This applies to code, too...
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Code as hierarchy






The more code, the more bugs.



“The industry average is about 15 - 50 errors
per 1000 lines of delivered code.”

- Steve McConnell
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Code is not the solution, code Is the problem.






the



Lthe












small






MONOLTTHTC/LAYERED MTCRO SERVICES






.’(
N

.
3

O
RN
ufé...?.ﬂu

\

o
___r.,,..., _,_
el 1
MDA YA
y? _.._w 4.M$v .1@,.._
MR

{
Y
e




NO



NO CODE



Artisinal Luddites






Ned Ludd, 1811

The Luddites were 19th-century English textile

workers who protested against newly
developed labor-economizing technologies

- Wikipedia



Ned Ludd, 1811

labor-economizing technologies
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ar-ti-san-al

[ar tézan(a)l/

adjective

relating to or characteristic of an artisan.




ar-ti-san-al

/ar tézan(a)l/

adjective

relating to or characteristic of an artisan.

. (of a product, especially food or drink) made in a traditional or non-mechanized
way.




Slow Programming

The slow programming movement is
a software development philosophy that
emphasizes careful design, quality
code, software testing and thinking.

- Wikipedia



Slow Programming

careful design, quality
code, software testing and thinking.






“What works good is better than what looks good,

— Charles Eames



“What works good is better than what looks good,
because what looks good can change,

— Charles Eames



“What works good is better than what looks good,
because what looks good can change,
but works good will still work.”

— Charles Eames
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A COMPUTER PERSPECTIVE

A sequence of 20th century ideas, events, and artifacts from the history of the information machine

Charles & Ray Eames




“I think everybody in this country should learn
how to program a computer because it teaches
you how to think.”

- Steve Jobs
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Life skills are not the same as livelihood.



"People may outlaw driving cars because it's
too dangerous. You can't have a person driving
a two-ton death machine.”

- Elon Musk
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The Future of Code



The opposite of Artisinal Programming is...
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Mobile HTMLS5 JavaScript APM API Design NoSQL Cloud Microservices

You are here: InfoQ Homepage » News *

How Etsy Deploys More Than 50 Times a Day

by Joao Miranda on Mar 17, 2014 | 3 Discuss

£l

Daniel Schauenberg described at the last QCon London how Etsy, renowned for its DevOps and
Continuous Delivery practices, does 50 deploys/day. A fully automated deployment pipeline,
thorough application monitoring and IRC-based collaboration are all important to achieve this rate
of change while keeping risk to a minimum.

Etsy's development approach revolves around making many small, continuous changes. A direct
consequence is the need to do many deployments a day. In the words of Daniel Schauenberg, at
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. |
consequence is the need to

. witho
Chef or Puppet, without a quality assurance department and without release engi
Netflix built an advanced in-house PaaS (Platform as a Service) that allows each
their own part of the infrastructure whenever they want, however many times the
require. During QCon New York 2013, Jeremy Edberg gave a talk about the infrag
built to support this rapid pace of iteration on top of Amazon's AWS.
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loys a hundred times per daysWiile]
Chef or Puppet, without a quality assurance department and without release engi
Netflix built an advanced in-house PaaS (Platform as a Service) that allows each
their own part of the infrastructure whenever they want, however many times the
require. During QCon New York 2013, Jeremy Edberg gave a talk about the infrag
built to support this rapid pace of iteration on top of Amazon's AWS.



What’s going on
here?



CIO Journal.

erization Big Data Cloud Talent & Management Security

‘all Street Journal News Department was not involved in the creation of the content below.

DeIOitte NEXT IN DELOITTE INSIGHTS

abled: Insigh ten anc by Deloitte

a MY 6 Wrweet 25 NN

Software Development at the Speed of DevOps

DevOps seeks to improve the speed and quality of software development and support. It
involves integrating and automating the work of software developers and IT operations
professionals.

In recent years, some IT organizations have moved to a new software development delivery
model called “DevOps.” DevOps refers to a set of practices designed to facilitate interactions
between the application development and operations functions, and ultimately aims to increase
the speed, improve the quality, and reduce the cost of software development, ongoing
enhancement, and support.

Traditionally, IT organizations have run their development and operations functions separately,
largely because the two groups have different missions that yield opposing behaviors. “App Dev”




Yep. DevOps.




Yep. DevOps.
But for code.




The First Way:
Systems Thinking

Dev _ 3y Ops

Devlps

The Three Ways: The Principles Underpinning DevOps
By Gene Kim
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Four Pillars of OPS



Four Pillars of OPS

* Reduce Cost

* Increase Speed

* Improve Safety/Resiliency
* Provide Visibility/Feedback




Reduce Cost

How Netflix Works




Reduce Cost - Virtualize Hardware

How Netflix Works




Increase Speed

Version Continuous Quality
control integration gates

Team Approval Production




Increase Speed — Automate Deployment

Version Continuous Quality
control integration gates

Team Approval Production




Improve Resiliency
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Improve Resiliency — Automated Testing
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Same Pillars for DEV



Four Pillars of DEV

* Reduce Cost

* Increase Speed

* Improve Safety/Resiliency
* Provide Visibility/Feedback




Reduce Cost

CA Service Virtualization
Rapidly Create High-Quality Software

Reduce duration, effort and cost
and improve quality by
detecting defects here...

1
1
1
* Quickly create, edit and deploy virtual services :
* Patented “Learning Mode” which automatically learns )

differences between your test and live environments ’ . , . , ’ -
* Uses artificial intelligence to translate any protocol when -

creating virtual services

Cvave e
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.
» Dramatically reduce the time it takes to build critical business o $4,000
applications s
2 $3.000 $2,379
* Avoid delays caused by constrained or unavailable resources W 000 :
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* Enable more comprehensive testing that begins earlier in the = $779
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Reduce Cost - Virtualize System

CA Service Virtualization
Rapidly Create High-Quality Software

* Quickly create, edit and deploy virtual services

* Patented “Learning Mode” which automatically learns
differences between your test and live environments

* Uses artificial intelligence to translate any protocol when
creating virtual services

* Dramatically reduce the time it takes to build critical business
applications

» Avoid delays caused by constrained or unavailable resources

* Enable more comprehensive testing that begins earlier in the
cycle so more defects are found sooner to improve quality and
reduce costs

CA Service
Virtualization

Reduce duration, effort and cost
and improve quality by
detecting defects here...

$6,000
$5,000
$4,000

$3,000

$2,379

$2,000

. 779
$1000  ¢ag >

., = m N ~
Unit Parformance UA Preducticr .

COST TO RESOLVE DEFECT



Increase Speed

Yar url = ha-plir] 4 ?claim code=" & claim_code;




Increase Speed — Automate Code
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Improve Resiliency
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Improve Resiliency — Code Analytics
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Provide Visibility
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de Visibility — Runtime V
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Summary



Jennings, Wescoff, & Lichterman, 1946



he program was the machine.







he machine was the code.
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design organization criteria

HOW DO
COMMITTEES
INVENT?

by MELYIN E. CONWAY
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ANNIVERSARY EDITION WITH FOUR NEW CHAPTERS

Brooks’ Law

“Adding manpower to a late
software project makes it later.”

| THE
MYTHICAL
MAN-MONTH

FREDERICK P. BEROOKS, JR.

-- Fred Brooks, 1975




Dunbar Groups

Intimate friends: 5
Trusted friends: 15
Close friends: 35
Casual friends: 150

-- Robin Dunbar, 1992



he machine was the organization.

SYSTEM DESIGN ORGANIZATION

Common logistics Common logistics agency

Weapons special ~Weapons special Service A Service B
to Service A to Service B

- 3a. A Weapon System

Application
program

rogramming
Language"
System

Sys
software

tem
programmers

UMachine
Language"

3b. A Computer System

Fign examples of identity of structure
between a system and its design organization.










The machine iIs the network.










Four Pillars of DEV

Reduce Cost
(Virtualize the System)

Increase Speed
(Automate/Eliminate Code)

Improve Safety/Resiliency
(Code Analysis)

Provide Visibility/Feedback
(Runtime Visualization)



Bridging the Gap
working smarter in networks

Artisans - Hierarchies - Networks

~|9th C  +/-20th C

Designing the Enterprise, Ken Barnett 2011 (blog)



“‘We must break away from the sequential. We
must state definitions and provide for priorities
and descriptions of data. We must state
relationships, not procedures.”

- Grace Hopper, 1962




“Recognizing the need Is the primary
condition for design.”

— Charles Eames




Those who ignore the mistakes of the
future are bound to make them.”
— Dr. Joseph Miller
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