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Abstract
A SEZ0F
Machine learning offers a fantastically powerful toolkit for building useful com-
PN X X|IC} MM RIEHO| X 7| Ef = Al O olE = plex prediction systems quickly. This paper argues it is dangerous to think of
A A7 0f 44 '—I-' g AE2 27| GXle = g O|0|X|/B¢ 2|2 HIolH =5 S these quick wins as coming for free. Using the software engineering framework
of technical debt, we find it is common to incur massive ongoing maintenance
= o =34 of x| LIElal 7=t o= o o A= costs in real-world ML systems. We explore several ML-specific risk factors to
AS Kt AgFd, AT ZLHE, 18 05, A 7 2+ S account for in system design. These include boundary erosion, entanglement,
hidden feedback loops, undeclared consumers, data dependencies, configuration
g%klt”ﬁ 7HO|_| 5‘:"%% XH_?_ 7:||§!’ APXI ol Xf% Hl §||- %I'Xl, 28 o EEA‘”ﬁ Xl’%§|' = issues, changes in the external world, and a variety of system-level anti-patterns.
20 WO REY Cixtel/ L, 22 ofF, D HNs X EE B2l § 1 Introduction

As the machine learning (ML) community continues to accumulate years of experience with live

HEL|AHO|M O|Cjo| 22t 3 HAM b= IHX HZH 740l gt=H O 8 S systems, a wide-spread and uncomfortable trend has emerged: developing and deploying ML sys-
tems is relatively fast and cheap, but maintaining them over time is difficult and expensive.

= = I A LIEl2l 3 folTt AAF XK S =03 MAF = This dichntpmy can be understood through the lens of technical dn:b!, a metaphor !TIIIUdI._lBDd by

R E= Mz Z2M2 2UETY, S5 M2l 44 A5}, F29 4t S Ward Cunningham in 1992 to help reason about the long term costs incurred by moving quickly in

software engineering. As with fiscal debt, there are often sound strategic reasons to take on technical

EhS AODE O|E2 59X @9 &t = J|H} O|Z g} 1| = debt. Not all debt is bad, but all debt needs to be serviced. Technical debt may be paid down

ol A A [E DHE, 28X 234 N, 05 7|2 el=at #e| S by refactoring code. improving unit tests, deleting dead code, reducing dependencies, tightening

APIs, and improving documentation [8]. The goal is not to add new functionality, but to enable

future improvements, reduce errors, and improve maintainability. Deferring such payments results

A=F AN 2S5 LS SH A RSHS &L B Y S ) / ; _ € mamntain g
in compounding costs. Hidden debt is dangerous because it compounds silently.
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Workbench Versio

Project Explarer
03.HAE
- &AM
h 01 DEFYE S Workflow
o 03 HIZE ID EngineType Nickname StartTime EndTime ST AE HY = A Ef Manager B2 ° HH i
&1 1 MiniBatchEngine MINIBATCHENGINE1 2021-06-15 17:09:50 succeeded inprogress lacal Q ¥
2 2 StreamEngine STREAMENGINE2 2021-06-15 17:09:50 succeeded inprogress local Q =z
k]
st 3 StreamEngine STREAMENGINE3 2021-06-15 17:09:50 succeeded | inprogress local Q| ° E I E LI E E.I
o o
4 MiniBatchEngine MINIBATCHENGINE4 2021-06-15 17:09:50 succeeded inprogress lacal Q ¥
5 MiniBatchEngine MINIBATCHENGINES 2021-06-15 17:09:50 succeeded inprogress local Q =z
5 ExternalEngine EXTERNALENGINES 2021-06-15 17:09:49 succeeded | finished local Q| ° EI AI A E LI E‘I EO-I
7 MiniBatchEngine MINIBATCHENGINET 2021-06-15 17:09:50 succeeded inprogress local Q ¥
Engine EE=1 Engine 2#¥=1 Engine S2H0JH 2 CieEE 2 O Auto Reload
2021-86-15 17:09:42.722 [INFO ] build started, task(1f4e71%b-bef2-416f-bbe7-3007011317F4_00e1,e3. HlAE, A, evetveve)
{
"idve 1,
“previd": @,
"engineNickName": “"
"miniBatchEngine”
“controller
"clsName" ksb.csle.component.controller. SparkStreamController”,
"sparkitiniBatchController™s {
“operationPeriod”: 1.8,
"windowSize'
"slidingsize™: -1
3
s
Engine 2|22~ %> B Auto Reload
* Task ID CPU Memory
@ 1f4e719b-b0f2-416f-bb37-3007011317f4_0001 0% 1084.96 MB (0.8 %)
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1210009500
1210010300
1210011300
1210013700
1220011900
1220016300
1220021100
1220025100
1220027900

ST_NODE_ID ED_NODE_ID AXIS_CD

1020000600 1210051000'12
1210051000 121[][][]19[][]'12
1210001300 121004?900'12
1210047900 1210046000'12
1210046000 1210040400?2
1210040400 1210034100'12
1210034100 1220006300'12
12200068300 1210028900'12
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1210024100 1210018900'12
1210018900 1210003200'12
1210003200 121[]0[13[]00'12
1210003000 1210002700'12
1210002700 121000250[{12
1210002500 121[][][][]70[]'12
1210000700 1210002500'12
1210002500 1210002700'12
1210002700 1210003000'12
1210003000 1210003200'12
1210003200 1210018900'12
1210018900 1210024100'12
1210024100 1210028900'12
1210028900 1220006300'12
1220006300 121[][]341[][]'12
1210034100 1210040400'12
1210040400 121004600032
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AXIS_MAME AXIS_NAN ST_NODE_|ED_NODE_ DIR_NO

Gangnam-d: SHE CH S T CH &AMl
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T-ZHof et &

DIR_NO_N LINK_SEQ LINK_MAP_

SB 1 §22
SB 2 353
SB 3 557
SB 4 581
SB 5 785
SB 6 776
SB 7 586
SB 8 414
SB 9 593
SB 10 836
SB 11 274
SB 12 213
SB 13 453
SB 14 140
SB 15 430
NB 1 430
MB 2 138
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MB 4 213
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H o= MH[A -4

WSEE 0|5 MH|A I EZ2L (AIEH0|Y) - Z1t

HIMEZL LSTM(RNN)S 0|28t 158 &

WS EH o5 MA2 Ho]E

MAE uE EH o5 % 23 HIO|E 4d

Frmmmmm e Frmmem e Fremmmmm Frmmmmme e Frmmmmmm +-
| PRCS_DATE| 1210006200 | 1210006360 | 1210011260 1210011300
Frremmemm— e B e B e drmmmemeee e B +- 5
|12016-01-61 04:40:00| 0.1330555555555556|0.19655555555555548| -0.06025000000000008| -0.2623333333333333]|- s
|12016-01-01 04:45:00]0.14731250000000007| ©.1982857142857144|60.654888888888888876 | -0.26949999999999996 | =
|2016-01-01 04:50:00| 0.1397777777777779| ©.2013124999999999|0.054777777777777814|-06.23966666666666664 | - mtmr_w
|2016-01-61 04:55:00] 0.138| 0.1992222222222222| 0.04656249999999995|-0.25293750000000004 | n
|2016-01-61 05:00:00|0.12724999999999997|0.18427777777777765| 6.08184999999999998| -0.2682857142857143| - Maximum nput is 1000000000
|2016-01-01 05:85:00| 0.1517222222222222| 6.2014999999999999| 0.09 2|-6.223125 2|-
|12016-01-01 05:10:00|0.1385625 3]0.187 | ©.63761111111111115|-0.20350000000000001 | -
|2016-01-81 05:15:00|0.14087500000000008 |0.16856250000000006| ©.0842857142857143|-0.13961111111111107|-
$occeeeceeeeeeonnn $occceceeeeeeeeanean $oceeeeeeeeeeeneean #occeeeceeeeeeeeeean foeeeeeeeeeeeeeeeean 4
F71H 24 11’84 (Fine Tuning)
kangnam/
0000/
I seved_modelpb 143 KiB
variables/
0001/
I saved_madelpb 143.5KiB
variables/
0002/ ‘ﬂ a
I saved modelpb 143.5 KiB
variables/ =7 2E 0.0621 -0.1121 0.0483 0.1487 -0.051 0.2711 0.2592 -0.1622 -0.1143 -0.1958
0003/ HEZh (km/h) 56.21 38.79 54.83 64.87 449 77 75.92 3378 38.57 3042
I saved_moadelpb 143.5 KiB
variables/
o
B saved_modelpb 143.5 KiB ==
variables =7 2E 0.0010053| 0.0023076| 0.0125047( -0.004283| 0.0010655| 0.0202679| 00019239 -0.00675%3| -0.021269| 0.0057696
0005,
o saired_model.ph 1435 KiB =gk (km/h) 50100527 50.230765| 51.250465| 49.571699( 50.106553| 52.026786| 50.192387| 49.324074| 47873149 5057696
variables/
56.21 38.79 54.83 64.87 4490 7711 7592 33.78 38.57 3042
* LSTM (Long Short-Term Memory)
: RNNgl 78'7|9|3|_E —E—I'”% E%l'élj‘ oel_lalg 50.10 50.23 31.25 49.57 50.11 52.03 5019 4932 4787 50.58
16 (F)CIA2TN=




10. 735 Al

ofo|&t =3 Al

|2 Data 2}

- O

- MF=AE|23, B, 74 o

HIC|&E Al

TH r
(e 3

ul o
ol iy

w| =

HEHE 7|7| Hiojg 24 S T
- 25Xs 0I5 MBI~ KIS

[t}
=
o
ol

(F)CIAE2T=

17



LS
FerL| C}

1

nO



