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Kind of Engineerings

* Mechanical engineering

Agriculture engineering

Aerospace engineering — aircraft architecture
Systems engineering

System of systems engineering

Software engineering
Control [systems] engineering — control [system] architecture
Knowledge engineering -- architecture

* Machine learning [system] engineering (-- architecture?)

* Neural engineering
* neural network engineering -- neural [network] architecture

* Feature engineering -- ???



Systems, Software, Machine Learning Engineerings

e Software engineering [term appeared in 1965, boosted by
NATO as a profession in 1968]

* Systems engineering [Bell Labs in 1940s, boosted as a
profession by NCOSE 1990]

* Machine learning engineering [term appeared in 2011]

machine learning engineering
Search term

Interest over time

https://www.google.com/trends/explore#tg=machine%20learning%20engineering&cmpt=q&tz=Etc%2FGMT-3



BmecTto «nporpamman»
noAcCTaBbTe «CUCTEMA Mal.um-u-lc;goﬁyqel-mn».

Why is my program
not working?

- T

Yo@to
You need to know :
why? program working

roperly?

Software engineer
(application)

S I

Software engineer
(systems)

N S NS

To repair compiler? To advance theory?

Computer Scientist



U3HEHHbI LMK cucTeMbl — 3TO NPO TeX, KTO eé aenaer

¥
\

ObecneuuBatouime
@g cucrembl (KUx

Q,g% MHoro!),
w- OMUCaHHbIé MUHUMAJIbHO
KaK MPaKTUKU-
KOMMNOHEHTbI U NPOEKTbI-
moaynam no USAMeHeHU
LI,EHEBOFI cucrtembl

JKcnayaTtayumsa



Mpobnemnbi ¢ KL 1.0

* [osBunacb NapannenbHasa NH}KeHepus (cHavyana «MTepaumm», a MOTOM M BOODLLLE BCE cmellanoch)

* Henb3s obcyxKaatb «noyemy rnpedrnpuHamue soobue paboraet», metoabl paboTbl, METOAO/NOTUN.
ToNbKO «KaK cobpaTb U3 KYCOYKOB BO BPEMEHU Y.

MpaKTukn, Phases
WMEHOBaHHble N0 =)  pjsciplines | | Inception Elaboration Construction Transition

|
ANCUMNINHam: Business Modeling

Requirements

Analysis & Design

Implementation
Test

Deployment

Configuration
& Change Mgmt

Project Management H :

Initial Elab #1 | | Elab #2|| Const

Iterations

1

lfopb6ataa guarpamma (hump diagram) ns RUP (Rational Unified Process) 6




Kakne KomnoHeHTbl npeanpuatna? (Kak oHo paboraet?)

npaKTI/IKa = ANCUNNJIUHA + TeXHO/10rnA

AncunmnanHnpoBaHHble (KOMMNETEHTHbIE) UCNONHUTENN [BCe v ntoan?],

obecneyeHHble He0O6XoAMMbIMU ANA NOAAEPKKU ANUCUUNAUHDI MHCTPYMEHTaMM
7



CxemaTu3sauma }KU3HEHHOro L1MKna:
pasnyeHmne AUCLUUNANHDbI U TEXHONIOTMM B NPaKTUKE

=KomMnoHeHTb!, =Moaynw,

PYHKUMNOHANbHbIE KOHCTPYKTUBHbIE

eAVHULbI, eAVHULbI,

anbobl paboune NnpoAayKTbl
B yuebHuKe HU ( %E B YKM3HW HW OAHOTO
O[lHOro CNOBa M3 CNnoBa U3 y4yebHUKa
KU3HU

AVNCUMMANHBI = MbllWwneHne (onepaumm ¢ abCTpakTHbIMM TUMU3MPOBAHHbIMK 0BbeKTamMm).
MeHsatoTca 3a 30 net. Yuatca B WwKone v BY3e. [pakTMKa onpeaensercs no eé
ancumnanHe. UHBECTULMN B «4EeN0BEYECKMIM KanuTan».

TEXHONOTMN = UHCTPYMEHTbI U paboune NpoayKTbl (Moaaep»KKa MbllNEeHNs B
3K30KOpTeKce). MeHatoTca Kaxable 5 neT. Yuatca Ha npon3soacTse. MpoeKTbl MCnob3yoT
TEXHONOIMMNU KaK «pecypcbl». MHBECTULMKN B TPAANLMOHHbIN KanuTa.

AucuunanHbl TPEHUPYIOT Ha 3a4a4ax (3apaHee NOCTaBAEHHbIX)

MoHMMmaHuMe cBA3U AUCLUNMINH N TEXHONOMNIA, UaeaNbHbIX 06 bEKTOB AUCLUNIUH U
paboumnx npoayKToB B }Kn3HU HY>kHO TPEHUPOBATD, ana 31oro 06bI4HO HYXKeH
npenogasartesib

MacKunposKa B peasibHOM XM3HMU: a) 3a4a4a He NnocTaB/sieHa 6) MHOro oTBEYEHUM



CucremHan cxema NPoOEKTa

TexHoNnornyeckum

MeHeaXMEHT U

npeanpUHUMaTENbCTBO
Using system

UHKeHepua

System of interest

NH)KeHepHDbIN
MeHeAXXMEeHT

Enabling system

TexHoONOrM4YecKkum
MeHeAXXMeHT
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ISO/IEC 12207:2008(E)
IEEE Std 12207-2008

ISO/IEC/IEEE 15288:2015(E)

aém: machine learning

System Life Cycle Processes

Agreement
Processes

Acquisition Process
(Clause 6.1.1)

Technical
Management
Processes

Technical
Processes

Supply Process
(Clause 6.1.2)

Project Planning Process
(Clause 6.3.1)

Business or
Mission Analysis
Process (Clause 6.4.1)

specific processes

Project Assessment and
Control Process
(Clause 6.3.2)

Stakeholder Needs &
Requirements Definition
Process (Clause 6.4.2)

System Context Processes

Software Specific Processes

Organizational
Project-Enabling
Processes

Decision Management
Process
(Clause 6.3.3)

System Requirements
Definition Process
(Clause 6.4.3)

Risk Management
Process
(Clause 6.3.4)

Architecture
Definition Process
(Clause 6.4.4)

Agreement Project Technical SW Implement- SW Support
Processes Processes Processes ation Processes Processes
Stakeholder Software Implementation Software Documentation

Project Planning Process

Life Cycle Model
Management Process
(Clause 6.2.1)

Configuration
Management Process
(Clause 6.3.5)

Design Definition

Process
(Clause 6.4.5)

Infrastructure
Management Process
(Clause 6.2.2)

Information Management
Process
(Clause 6.3.6)

System Analysis
Process
(Clause 6.4.6)

Portfolio
Management Process
(Clause 6.2.3)

Measurement Process
(Clause 6.3.7)

Implementation Process
(Clause 6.4.7)

Human Resource
Management Process
(Clause 6.2.4)

Quality Assurance
Process

(Clause 6.3.8)

Integration Process
(Clause 6.4.8)

Quality Management
Process
(Clause 6.2.5)

Knowledge Management
Process
(Clause 6.2.6)

Verification Process
(Clause 6.4.9)

Transition Process
(Clause 6.4.10)

Validation Process
(Clause 6.4.11)

Operation Process
(Clause 6.4.12)

Maintenance Process
(Clause 6.4.13)

Disposal Process
(Clause 6.4.14)

Acquisition Process . .
Requirements Definition Process Management Process
(Clause 6.1.1) (Clause 6.3.1) Process (Clause 6.4.1) (Clause 7.1.1) (Clause 7.2.1)
P Iy P Project Assessment and System Requirements Software Requirements Software Configuration
{liji:‘;:uyz;erﬁafaz? Control Process Analysis Process Analysis Process Management Process
o (Clause 6.3.2) (Clause 6.4.2) (Clause 7.1.2) (Clause 7.2.2)
Decision Management System Architectural Software Architectural Software Quality
Process Design Process Design Process Assurance Process
(Clause 6.3.3) (Clause 6.4.3) (Clause 7.1.3) (Clause 7.2.3)
Organizational s P — S Sr——
PFOjECt-EI'IEb“I‘Ig Risk Management Implementation Process aumces:. esign P':n(:::s::c an
Process (Clause 6.3 4) (Clause 6.4.4)
Processes (Clause 7.1.4) (Clause 7.2.4)
Life Cycle Model Configuration System Integration Software Construction Software Validation
Management Process Management Process Process Process Process
(Clause 6.2.1) (Clause 6.3.5) (Clause 6.4.5) (Clause 7.1.5) (Clause 7.2.5)
Infrastructure Information Management System Qualification Software Integration .
Management Process Process Testing Process Process Soﬂw::gaﬁ:?\rz::ocess
(Clause 6.2.2) (Clause 6.3.6) (Clause 6.4.6) (Clause 7.1.6) -
Project Portfolio Measurement Pr g Software Installation Suﬂwar_a Qualification Software Audit Process
Management Process (Clause 6.3.7) Process Tasting Process (Clause 7.2.7)
(Clause 6.2.3) = (Clause 6.4.7) (Clause 7.1.7) o
Human Resource Software Acceptance Software Problem
Management Process Support Process Resolution Process
(Clause 6.2.4) (Clause 6.4.8) (Clause 7.2.8)
Quality Management Software Operation
Process Process
(Clmma 2.5 (Clmae £.4.9) Software Reuse Processes
Software Maintenance Domain Engineering Reuse Program
Process Process Management Process
(Clause 6.4.10) (Clause 7.3.1) (Clause 7.3.3)
Software Disposal Reuse Asset
Process Management Process
{Clause 6.4.11) (Clause 7.3.2)

Figure 4 — System life cycle processes

Figure 1 — Life Cycle Process groups
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Kakue npaKTMKn MoXXHo oxXupaTtb?!

e Cneunanmnsaumio NPaKTUK CUCTEMHOMN UHXKEeHepum

e Cneymanm3aumio NPaKTUK NPOrpamMmHON UHKEHEPUU

* YnpaBaeHune XnU3HeHHbIM LMKAoOM (MeToaonorma pa3paboTku)
* H)XeHepua TpeboBaHUI

* IHXeHepua apxXnTEKTYpbI

* IH)XeHepua NcnbiTaHUI

* YnpaBneHue KoHpuUrypaumeu

Ha MHOIMMX ypOBHAX TEXHONOIrMYECKOro cTeKal!



*U3HeHHble LMKAbI 0byyalowmxca cncrem

MUHXKeHepua NCUXUKU

NoctaHOBKa 3a4a4un Ha
moaepHusauuio (sceraa
brownfield)

HamepeBaHue

(BbipawmBaHue cybcTparta)

HoobyuyeHune (n6o Bceraa
brownfield)

ABTOMaTM3auMA HaBbIKa

AtTecrauma, sK3ameHbil,
ocBuaeTenbCTBoOBaHMe

HKusHo

MUH>KeHepmna MaLLMHHOIO

obyueHus

3ambicen n TpebosaHusn

ApxutekTtypa

nporpammupoBaHue
apPXUTEKTYpblI

O6yueHue (training),

Nepepaua 0b6yueHusn (transfer
learning), cxkatue ceTKm,
aHcambnunpoBaHue (HO ApPKO
Bblpa*KeHHOM COOpKM HeT,
NN10Xas MOAY/IbHOCTD)

MpoBepKa U Nnpuémka

BbiBog (inference)

UHXKeHepua npeanpuatTUA

CrpaterupoBsaHue

ApxutekTtypa

MocTaHOBKa NPaKTUK: Habop
nepcoHana, 3akynka TeXHON0rmm

MocTtaHOBKa NPaKTUK B 4acTu
obyueHunsa pabore

Merge/aquisition Ha ypoBHe
npegnpuATUiA (HO HeT «COopKnU»
OTAENbHbIX NPAKTUK, N/I0XaA
MOAY/IbHOCTb)

OueHKa, atrecrauuma

Pabora

CuctemHan uHXeHepusa

3ambicen n TpebosaHusn

ApxutekTtypa u
NnpoeKTUupoBaHue

U3rotosneHune u
uHTerpauuna/cbopka

Ha/N1laAKa

MopaepHu3auma 3ameHon
Mmoayneu

MpoBepKa U npuémka

dKcnayatauma

12



XU3HEHHbIN LUKN CUCTEM MALLMHHOTO
obyueHus

* JKcTpemanbHbin XKL: HaYMHAETCA MHOro paHblUEe, YeM 3aMblICen,
3aKaH4YMBaeTCcA MHOIO No3Xe BbIBOAA M3 3KCMN/yaTaumu

* MHoroypoBHeBbi ¥LL: pa3Hbi Ha BCEX YPOBHAX MHTENNIEKT-CTEKA

* Het meTtoponornm pa3paboTku: ckasaTb agile — 3To HM4Yero He
CKa3aTb (KTO nNpu3HaeTcs, YTO OH KHErMOKUM»?), HET OTAE/IbHbIX
NPaKTUK, NPUHLMIMOB, UHCTPYMEHTOB

* Het yueb6HMKOB No npaktnkam XL, TonbKo otaenbHble CTaTbMm.



Increasing
complexity,
cumulative
ambiguity,
“lack of
control”

A

INCOSE VISION 2025

Enterprise, organizational
governance (decentralized)

Network intensive

Software intensive

Electronic, isolated
islands of software

Mechanical
and
electrical elements

ht 2014 I

ional Council on S

Mpobnembl ¢ MOAYNBHOCTbIO
Ha BbICOKMX YPOBHAX (rge
NoABAAIOTCA CETU, N0AUN —
HEeNOHATHAA CBA3HOCTDb):
nepexoa, ot C6opKn-Hanagkm
K «3BONOLUNY,
«0byuyeHUo»,
«cucremoobpasoBaHUIO»

14



MeTadopbl }KU3HEHHOro LUK/1a MallMHHOro obyuyeHumsn

{.:","— Ry | "_ ’l ~ w
R B &;*."v..‘: t A Ea %t

" O6yueHue Tesla — yxKe cerogHsa

4YaCOoBLUK CaAOBHUK NeCHUK

BOCTOK: cMUpUTbCA M pacTuTb. 3anag: A4obuBaTbca MOAY/IbHOCTU, PAaCTUTb MOTOM. .



MEXANCUUNTUHAPHOCTD
UHTennekT-pyHKUUUN + UHTENNIEKT-CTEK + rae 3To B mupe

-Moaynu
Ex:
-M87-K5
8 The product aspect is used to
highlight the constructional
relations (assembly) of the
components of the object.
The function aspect is used +MECTa
o highlight the functional
relations among the
components of the object.
Ex: |
=512=16 =
T~ +D2+Z1
= T
=
-+

The location aspact is usad to

highlight the spatial relations

| ameng the components of the
i ohject.

Ha ocHoBe
puc.3
B I1SO 81346-1

16
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NaBHaA AUCUUNIMHA: apXUTEKTYpPa (BaXKHble pelleHuns)

WA e a

MoaynbHbIN CUHTE3:

* KomnoHyemocTb —
cobupaemoctb moaynen

* KOMO3MLUMOHANbHOCTb —
cobupaemoctb pyHKLUM

Ha moaynax
https://pages.nist.gov/cpspwg/

«Jlornyeckana apxuTeKTypa»
(pyHKUMOHaNbHAA
0eKomMno3uyus, CTPYKTypa
KOMMOHEHT) UTEPATUBHO
COBMeELLLAETCA C «OPU3NYECKON

apXUTEeKTYypon» (NpoayKTHasa
p ypoin» (npoay SO 81346-1
KOMMO3UYUA, CTPYKTYpPa Time i Figure 7

Function-oriented decomposition Product-oriented composition

J
Mmoaynemn) . Otjectwin —
@ a function @ a product

Object with both a
product aspect and 17

aspect aspect .| afunction aspect  rc 139500




Manaa cBA3HOCTb: K/NIOY K Pa3BUTUIO U

cosepweHCTBOBaAHUIO

* MoaynbHOCTb: KaxKaas cBA3b MMeeT LeHy. He bbino
6bl LEeHbl, He H6bl10 6bl MoayeEN
* http://arxiv.org/abs/1207.2743

* MeHbLUe CBA3HOCTb — Kpyye yay4lieHus!
e http://www.pnas.org/content/108/22/9008.full

[lageHne CTOMMOCTU Npu
V/IY4LEHUN OTAE/IbHbIX MOAYNEeN
(n), npu pa3HoOM yncne cBasen
Kaxaoro u3 Hux (d)

Cost

Y106bI N3MEHEeHHA
YAYYLLUANU AEeN0, HYXKHO
10°  10° 10t 10° 10 10* 10* 10° MmeHblle CBH3Eﬁ!

# of Improvements Attempts # of Improvements Attempts

Cost

18


http://arxiv.org/abs/1207.2743
http://arxiv.org/abs/1207.2743
http://www.pnas.org/content/108/22/9008.full
http://www.pnas.org/content/108/22/9008.full

MoAaynbHOCTU O4YeHb pasHble:

* Knowledge graphs (oHTONOrMN 1 cEMAHTUKN) — CTPYKTYPUPOBAHHAA NamMATb
(MemNN, differentiable neural computer)

Embeddings — priors (3ameuyaHne Nando de Freitas, http://ailev.livejournal.com/1240509.htmi)

Models as modules (Hanpumep, progressive networks ana multitask learning,
aHC86I'IMpOBaHMe N ero moage/iInpoBaHUE -- https://arxiv.org/abs/1605.06431, PA3Hbl€ BUbI
transfer learning)

Learning algorithms as modules (Hanpumep, frameworks), n otaenbHbie
/1IEMEHTbLI ANA aJITOPUTMOB (0630p -- http://fastmI.com/deep—learning—architecture—diagrams/).

CepebpaHou nynn HeT, U HUKOrAa He byper.



Intelligence Platform Stack

Ll T

Thanks for computer gamers for their disruption demand
to give us disruption enabler such as GPU!

O
n
)
c
e
g
O
>
Q
@
3
)
S
Q.

Disruption enablers




Mnatdpopmbl mallMHHOro obyuyeHus

* OgHOM NNathopMbl HE XBATUT
HUKoraa!

Teopema 6ecnnaTHOro 3aBTpaka

* Master algorithm: TpeHg Ha OO Neuro
rmépmuamsaLmio pasHbIx ST
noAxoaos Lsehaar'r']?r‘:"g

* KOTHUTUBHAA apPXUTEKTYpa: Big Data
TpeHa Ha KombuHMupoBaHUue Deen
PA3HbIX NOAXOA0B e

* Reinforcement learning
* Adversarial architectures

21



Conversion of engineerings
and
Disruption of engineerings

Janosh Szepanovits. Convergence: Model-Based
Software, Systems And Control Engineering

http://www.infog.com/presentations/Model-Based-Design-Janos-Sztipanovits

Le Bottou — «Machine Learning disrupts
software engineering»

http://leon.bottou.org/slides/2challenges/2challenges.pdf

We can add:

Machine learning disrupts systems engineering
Machine learning disrupts control engineering

Machine learning disrupts contemporary
engineering

Software
Engineering

Machine
Learning
Engineering

Contrg,

22



Jintepatypa no uH>XedHepumn MLE:
6onblie NOCTaHOBKU Npobnem, uem pelueHuUn

* Leon Bottou, Two big challenges in machine learning
http://leon.bottou.org/slides/2challenges/2challenges.pdf

* D. Sculley, Gary Holt, Daniel Golovin, Eugene Davydov, Todd Phillips,
Dietmar Ebner, Vinay Chaudhary, Michael Young, Jean-Francois
Crespo, Dan Dennison, Hidden Technical Debt in Machine Learning

Systems
http://papers.nips.cc/paper/5656-hidden-technical-debt-in-machine-learning-systems.pdf

* Nando de Freitas, Learning to learn and compositionality with deep

recurrent neural networks
https://youtu.be/x1kf4Zojtb0

* Diogo Almeida, Modular in theory, inflexible in practice

http://conferences.oreilly.com/artificial-intelligence/ai-deep-learning-bots-ny/public/schedule/detail /54081



http://leon.bottou.org/slides/2challenges/2challenges.pdf
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Can we use systems and software
engineering wisdom in MLE?

Engineering is not only about modularity and modular synthesis!
What about other aspects?!

* More attention to left part of V-diagram (as in MBSE)

* More attention to right part of V-diagram (DevOps, release early,
release often — optimizations later)

e What else?



Cnacubo 3a BHUMaHue!

AHaTONnK J1IeBEHYYK,
http://ailev.ru
ailev@asmp.msk.su

TechlnvestLab
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