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AXEARY MRHEEER (Complexity Transfer) 1 81 TE#E1F:m (Refactoring Paradox) 1 —REIS
EENEEENSEEE > AFKARBRFIVRIEHE ; TEOEEEMENME « BIR « £PhiE
B~ o R AIEEHEBEEIEE ©

i 75

[Repair
nRightarrow

Total Complexity Reduction]

EEEERS

[C_(t+1)

T

Hep C BZHEMERE ° REER RBEIR  EZRRIE > M T MERENARERDH -

AXEIIZIVEE ~ (K58 ~ DI\~ 1R(F - BR BB - 5B ABA - BRsEE Al EEEEMEMEE 0 iRk

MEMETE FTERBEEMEER B EHEFERRETERSKNEBMHARX) B—HEEZTERA -
HIFWFER » A —ERFBRMEESD  MEIEAANAE « FrEA - Ao BMNEME > BEmES
& FEL - BErERGE - ERBEEHENSREEERINERE -

AN %G I aE1EE] Dynamic MSSP/FPL : 22485818 RAE R LB EHEAT% M code smell 2 dependency
count ’ MAEEHE MEHER] —REERMEEL - XEBEEMER > URINAEEIRBRETEMNEE
BRI o

RASEEA . B EER - EMIFR - architecture technical debt ~ microservices ~ operational complexity
leaky abstraction ~ Al coding * Dynamic MSSP ~ FPL - EXgg45 188 /122
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1. MEESETI RERBIHE:?
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REEEZE  RABER
EEEBST o
BUREEREEER
f5ign

® 5000 1TERTUHFAY 20 1EI1E4E ;

° EREEABWED ;

® shared database #4754 ;

* legacy branch #i&k ;

* package cycle #HE ;

* manual process # B &ML ;

*  EX monolith #3FEARTS ©

ERERA

C_(local)(t+1)

ERREUA o

E# TREEE) ATUEBEEEHREIHE MG RS -

SECTION

ERERKREERGENEME ?

2.2025 ICSA : (BER{iTEE ° fkEERMELEH
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2025 £F ICSA BYBRSE Tracing the Lifecycle of Architecture Technical Debt in Software Systems: A
Dependency Approach ¥t architecture technical debt 894 &5 BB KR BB CIETT O ©

HPRERIIENERE :
® ATD repayment & FAN-IN 93840 57.5% ;

® FAN-OUT 910 26.7% ©

&S ° EARMEIE architecture technical debt AN EEEARE @ R EKBRFELENBES * 1Y
NS —TEEEBEEE o

BEERIFEEE  RRERB T —EEEFENER !

Debt Repaid
=

Complexity Lower
EAIAER -

Debt Repaid
=

Dependency Topology Changed

BEE

Local Disorder Reduced

—

Central Dependency Increased
HHE :

BEFSEEMRENE * MAERIESREMESMES -

SECTION

3. EtEiFw
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AXEMES :

SECTION

EialF

b

SECTION

Refactoring Paradox

—REBALRIAESEERER ° ARERARETEMEZEEMIERENGIE o

Rt :

ACK<0

A

SKXACK <0
Hrh CX BE—0E%E -

Bign

C_(code)downarrow

C_(operations)uparrow
PARTBE ©
ETE ME8Klu -

MR > EREER TR SIEN T2
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HIFSERAE ©

SRETRERR—4 > AREWBEREHKRT o

4. EEHEAE—EH > ME—ERE

AR RREERTA

C(t)

[
C_gc,
C_d,

cK,
C_o,

C_s,

C_f,

C_h,

C_g,
C_v,

® (C_c: Code Complexity ;

® (C_d : Dependency Complexity ;

® C[X : Network / Distribution Complexity ;
® (C_o : Operational Complexity ;

® (_s: State/Data Complexity ;
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® (C_f: Configuration Complexity ;

® C_h :Human/ Cognitive Complexity ;

® (C_g: Governance/Organizational Complexity ;

® (C_v : Verification Complexity ;

® (C_a: Al/AgentSupervisory Complexity ©
IEARBN A F R HERE RS ERADE -
ENENR R
[C_(system)

+
C_(code-only)]

SECTION

5. §—7f&8E%% : Code — Dependency

BRRER

> > = >

Oy B8 1SS o
BiEE

A—

A' |— SharedService
A" -

At
EETRE:

C_cdownarrow
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{8 SharedService B9 :

FAN-INuparrow

IERF

c_d
BTRE L FF o

BER—EJFEHEN

SECTION

Duplication-to-Centralization Transfer
Lz :

Duplication Complexity

-

Central Dependency Complexity
HBVZRIBEIAEE YT ©
BRER :
® shared service &p§ blast-radius center ;
* (ENFEEF5 backward compatibility ;
® outage FZE% consumer ;
® ownership B5FEE o

FrLA

EFTERERRBIE -
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SECTION

6. F—%E#1% . Monolith — Distribution

Microservices BRMEEBER R FEMNELZ— -

Martin Fowler #f microservice trade-offs FIZEIR{5H * HBREIE !
® stronger module boundaries ;

® independent deployment ;

® technology diversity °

{BERFRR -
® distribution complexity ;
® eventual consistency ;

® operational complexity °

Microsoft BY microservice architecture I5EEEISE * DEERIEH :

® service communication ;
® testing;

® exception handling ;

® latency;

® deployment;

® distributed transaction ;

It

C_(module-boundary)downarrow
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C_(distribution)uparrow

C_(operations)uparrow

C_(state consistency)uparrow

FTLA microservices A& -

Complex System

-

Many Simple Systems

MEEHIT

In-process Complexity

-

Inter-service Complexity

SECTION

7. TBig Ball of Microservice Mud]

EEREEErESSER -
R service boundary s :

Service A
<> Service B
<> Service C

< Service D

MEBEKRERP RPC ~ HEENAREIE

BERZ -
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C_(monolith)
RERIEHK

RmsmL :

C_(network)

+

C_(deployment)

+

C_(distributed debugging)

C_(distributed mud)

>

C_(original)

Fowler 145535 > microservices AJIAFZAE Big Ball of Microservice Mudy ° M#&RMIARFEE R S8
distribution B ASE R E ©

At -

Decomposition
nRightarrow

Decoupling

R BENL > FRELEREM ©
SECTION
8. E=1 7% : Implementation — Framework

Framework B9z MEETL SR EE S o
filan :

routing
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authentication
serialization

retry

dependency injection
ORM
MREBEERHECE :

C_(local implementation)

I

R’E o

{EH framework &

C_(local implementation)downarrow
BERET RS IEEME -

EWHEE

C_(framework)

C_(framework understanding)
B o

iEThE leaky abstraction 8R! RERNZOESR ©

abstraction AJLGEABEAERE » EEEFER - MEcHEEK =T ° EEEH

EALRIBEEFTFER ©

Ak :

Hidden Complexity
+*

Removed Complexity

FIEHEE
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Complexity Visibility

downarrow
MAR—E :

Complexity Existence

downarrow

SECTION

9. MRMEIEE(E : EMDEEH > MAZHMTSR

IE I ARPE(E abstraction BYE(E
141atER ©
4789 abstraction REE * A TEABOERAEEABLREAEERIEXBME o

FEEERE

C_h”((common path))
BN H ERMEHE o

{B7£ failure “edge case :

C_h"((exception path))
AIREE T L7 o

PR EEBETRR |
[EEBTERET o

M
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BEZEEEMENAR  SAREBIRGE

ERIFFEENEMERIETAE -

SECTION

10. FMU#EEFZ . Runtime — Configuration

HFETraIRg=EIE :

hardcoded behavior

PR -

configuration

R

C_(code)downarrow

C_(config)uparrow

Bign

routing:

rules:
feature_flags:
-
workflow:

EREHRERA

Configuration

-

Programming Language
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BT EERER -

IR

® configdependency ;
® versioning ;

® validation ;

® rollback ;

® environment drift ;

® permission ;
#BRY & ERE o

Ak :

Code Simplification

—

Configuration System Complexity

EA]HE ©

it

SECTION

11. ERTEEETE . Code — Data

FECAE B S TN OB

lookup table
rules database
metadata

schema
ErILUR/D AR E condition ©

BRER
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C_(data semantics)uparrow

ARIEABREEIER

‘ code FEMHE
EEIEME

‘ EATEEHEEIPLEIRRY o
YN rule table ##% :

® version;

® provenance ;

® validation ;

® ownership ;

® migration ;

SRETREFAL :
SECTION
Data-Encoded Architecture

L R ZEEBEEEIL code 5% data ©
CINASERE o

SEFRRIEREE R -

SECTION

12. $757E8E7% . Developer — Operations

microservices  serverless ~ Kubernetes » managed platform B[ EFHZEF LA -
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Bign

C_(deployment logic in app)downarrow
{B operations AZBERIE !
® orchestration ;
® observability ;
® service discovery ;
® autoscaling;
® rollout;
® secrets;
® incident response ;

® distributed tracing °

FREL

C_(developer)

—

C_(operations)
BIRERRIL ©

O’ Reilly BE#ZH microservices shift complexity) it | EHEEWNERRR T FHEERIERZE
&1L operations ©

EHERM—EE I ER
Complexity Transfer F—ER1R%E o

NREBB AR

DI
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EERE R -

DK
FiEA A  BiEmEE(t

ARREE

C(DX)— C(DKX)

BNERE2 A T % » thel SRR S BASIGIERES ©

SECTION

13. £tFEHEF2 . Local — Platform

FatEs—EEHEMF o

BxEMEFBCEE

deployment ;

® authentication ;

® logging ;

® monitoring ;

* secrets;
®* CI/CD;
BHAE !

C_(duplicated)

B3 internal platform & :

C_(product teams)downarrow
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BT aEBIE

C_(platform)uparrow

SECTION

Complexity Concentration

R BERIFE ©

E#

N_(teams handling complexity)downarrow

FIEF ©

Expertise Concentrationuparrow

BT ERE

Platform Criticalityuparrow

DUk .
Organizational Dependencyuparrow

SECTION

14. 85 )\1E&E#% : Implementation — Verification

Al coding :EiS{ERIRETE 2025-2026 FESFENNAEEE o

2026 F—IEHE X A2 TIZEMAY longitudinal study 23R > {4 Al coding assistants & * LB EBIFTS
BRI TP » HAP 82% ZiiBE R T RIZISCENREE D | B FERFFHREREI TEECH creation E[H

verification * g H :

Neo.K X EveMissLab - 0IS-07 19/44 - https://thisoneisneok.com



SECTION

Supervisory Engineering Work
FIsH

® directingAl ;

® evaluating output ;

® correcting output °

HFLE :

C_(code creation)downarrow

C_(verification)uparrow

MUk .

C_(supervision)uparrow
B AERIBRFALIL ©
FRLLAl F—EEE
HOBREE T AR AR ES o
EMAIAER !

B TI2EHER syntax production # % specification ~ review - verification

architecture £ governance °

SECTION

15. Al EREHK  1EHERSEEBR
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MR AIE :

V_(code generation)
RrEt+E

m :

V_(verification)

REREmE

i

UK

B_(verification)
BP verification backlog AJ8E EF+ o
ERER Al APAERN mE T o

M

Production Bottleneck
ATRETRE -

writing code

X

understanding
reviewing
testing
integrating
governing

At :

SECTION

Bottleneck Transfer
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122 Complexity Transfer fY—7#& o

SECTION

16. £H.EETS : Human Memory — Machine Metadata

Dynamic MSSP/FPL 7 S & SRR M E 815 o

RAERSIRIBRBFE -

C_(human tacit knowledge)
Bign -

HNEERAAEERSEEIZM AR © |
FPLIBEREK :

authority:
forbidden:

- user_credentials

RE:

C_(human memory)downarrow

C_(schema)
+

C_(validator)
+

C_(governance)

uparrow
EEAERM -

E At e Pl SREE R @ L ¢
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REEREEAETREEE

ERZAE -

F It Dynamic MSSP B ZFFER -

min |C|

meE :
min Ungovernable Complexity

17. FREMN NEHETIEER

BIRNERSIERRE o

HAEBFEEE » [EREMHR ~ TRMIFF - ERMERNE > BB UEIEFRERMEE o
Bian -
0(n?

—

O(nlog n)
AIRERBHENE -

M FREEEM feature * thEJFEEIE -

C_(total)downarrow
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PR SOR I ©
SECTION

Complexity Conservation Law

TR HEESS ~ IR LEARHIRORAN :

SECTION

Complexity Non-Disappearance Assumption

Bp -

TEBIHRE * FTERRBRBIHFNEREERBERIOER ; ¥ AREERS
WMIER ~ B4R ~ FRi ~ SEPEETs o

SECTION

18 EEE%FH\H

H—REBR’ AIUE

SECTION

18.1 Elimination

BIEMBR AL EEHE !
C_(total)downarrow

SECTION

18.2 Compression
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RER MR BESEEEEE -

EMERIAE T > B ARESEERSS

SECTION

18.3 Concealment

REEEENT > REABAERAEEFRE -
C_(visible)downarrow

SECTION

18.4 Concentration

ERELZREETIVHTE  REAERK -

Dispersion(C)downarrow

Criticality_(center)uparrow

SECTION

18.5 Transfer

EHE—EEEERREZ—A

CXldownarrow, CXuparrow

BRENKEAESD °

SECTION

19. HEFEER
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AT HIEEEE 0 AR ¢

Complexity Flow

A .
< -

F_(ij)
RV | A | RE o

Bign
F_(code—operations)>0
F_(human—metadata)>0

F_(monolith—network)>0

FIEERETER R

X

#0:

C_(t+1)

F_C(t,t+1)

BN A RE e o

SECTION

20. YFRYIEEEREESTS
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EIEEBAERSAME -

FHERBEEAEBUTER
20.1 #FAIR - AR
C_(implicit)

—

C_(explicit)

20.2 ¢ A T5Et8 — "IERsE g
C_(tacit)

—

C_(machine-checkable)

20.3 EFEEE - EHTES
C_(duplicated)

—

C_(centralized)

20.4 (E¥EEE - ZEE1E

C_(manual)

—

C_(automatable)

20.5 {t$tsR owner — IEFE owner

C_(misowned)

—

C_(properly owned)
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FIXEEBRERE :

M

EHELREREGAECHUE -

21. IREEHERE

[RiBzk > IREFZEIAER

21.1 #EE — BB

clear business rules

— magical framework behavior

21.2 RE - 2/

local helper

— shared singleton

21.3 fEEEls > AT

automated validation removed

— operator must remember

21.4 1 code — configuration without validation

if/else
— huge YAML

21.5 % - FEAE

system cannot resolve ambiguity

— user manually cleans everything

LER; BB T2 F I BERKE

@
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C_(effective system)uparrow

SECTION

22, ERFHARE TMREHRERE

EE—REZEEAT ° AT

C_(before)

HiEk .

C_(after)

BitEHE s

AC

C_(after)

C_(before)

Bign

complexity_delta:
code: -0.40
dependency: +0.15
operations: +0.20
data: +0.05
cognitive: -0.30
verification: +0.10

BAREREHFAIUBHLLERARMERE -

MmERIL
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SR EIRES o

23. BIA TRI;GERME)

ERELSGEFEM—EEREE -

G(C)

Governability of Complexity

£

observability ;

® ownership ;

® testability ;

® determinism ;

¢ documentation ;
® tooling;

® reversibility ;

® Jutomation °

Al —(EEEEE

C_(total)
RERRETRE

B:
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G(C)uparrow
MPARI RERIE B BTV ZR BN S ©
fian -

10 # undocumented human exceptions

X

1 {E#E%4{B7A schema - tests ~ owner B policy engine
HEEL—ELRS -

BEREENRBSERX °

24. ERNmpHEER

Eitt > EREETERIRR

eI USRS
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Hep:

®* AG: governability 2 ;

®* AO : observability 24& ;

®* AR_v: reversibility 2 ;

® AA: automation potential ;

® AC_(harmful) : EEEHEEL -

== B=N
ISNAE -

ot

FRRBHERVIERRERT (HE) * BRICCESERIER « EolikE « &7
¥~ FREMRIERETASIAEE o

SECTION

25. Dynamic MSSP : ¢ Architecture Diff A&
Complexity Flow

FEEARA FPL/MSSP MEB DT RERE :

before graph
VS

after graph
EFERCER

transformation:
id: extract-payment-core
removed:
- duplicated_payment_rules
introduced:
- payment_core_service
- service_api
- retry_policy
- tracing
- deployment_unit
complexity_flow:
code_to_dependency: medium

code_to_operations: high
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local_to_platform: medium
benefits:
module_boundary: high
testability: high
independent_deployment: medium
new._risks:

network_failure: medium
centrality: high
evidence:

- dependency_graph

- runtime_trace

- deployment_metrics

BRAZFRERED

cycle JHKRT » ¥FHB o

THEERT -

SECTION

26. Al Agent AT IAMERERE TR

Al F5RIES D

C_(before)

—

C_(after)

)

R A58 5 A SERS L

® code diff ;

® dependency graph ;

e Cl;

® infrastructure ;

Neo.K X EveMissLab - 0IS-07
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® config;
® runtime;
® ticket;
® incident;

® human workflow °
BTLAGE Agent 1BH ©
Hypothesis:
The refactor reduced local duplication,

but increased central dependency and

introduced two new operational failure modes.

Al B -
® evidence ;
® confidence;

® counterevidence °

BINAR -

Al Hypothesis
+
Truth

{BEEEE — lint metric FIFIFZA4EIRE o

SECTION

27. Al =B ZEFHEHIZE

FEBHNE :

Dynamic MSSP A& €18 :
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C_(human architecture review)
HoEEE -

C_(Al inference)

+

C_(evidence pipeline)

+

C_(verification)
EXEME -

HE:

G(C_(new))

>

G(C_(old))

FAAJRE(ETS ©

hEiE

‘ Al NEIEBEFUZE TFREREHRK) -
BRI !

‘ IBARLUS BRIRI I SRS ET SRR 195  IEHRBEENRR -
SECTION
28. ipiR 7 © EHEE RS E
IIRHARTIE LA o

SECTION

RHEERZmR
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HIRERS S MBS EER !

SX
oversetR—
S_(t+1)

BIER — 4S5 A E TR

CX(S_(t+1))

<

CX(SIX)

hAREHED !

C_(total)(S_(t+1))

<

C_(total)(SX])
H#&AIREFE -
3]

CX(S_(t+1))

>

CX(SIX)

At :

[Repair

nRightarrow

Total Complexity Reduction]

MESENITHRE

[AC

+
F_C

+
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Bp
° RHEmEBEI
° EIEER

o ERERMEEL -

29. EiB1FEmEV3RRRS
BIUEATLUSE) -

RN ER > ERAERRAMEAE VEME » MEREMERN B IREERM

Ak
fBlan

Hidden Human Knowledge

-

Explicit Rules

Duplicated Logic

-

Central Service

Implicit Deployment Ritual

—

Cl/CD Pipeline

Local Failure Guessing

—

Observability Platform

BESEEERIFEEM -
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® code;
® config;

® infrastructure ;

BEES :

[More Artifacts
not=

Worse Architecture]

B4k

[Less Code
not=

Less System Complexity]

SECTION

30. 455w - EHESEENAES)  MEEWE - sEHKIE - 6E
A RERIE
At B R TIRE R

BRFEEERT > FIAEERE © )

ER)ERIAEIERE ©

BAZEERE -
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M —aR D EARG EE 2
A SRR PT I ©
code ;

dependency ;
network ;
operations ;

data ;

configuration ;
cognition ;
organization ;
verification ;

Al supervision ;
Z A8 -

it

[Local Simplicity
nRightarrow
Global Simplicity]

[Abstraction

nRightarrow

Complexity Elimination]

ERRAFBEEZAIL ©
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BAXIMARER MEHEXETIES o

HIEMTERAE :

FEBRREHEBEHK o TBHTE °

FIE—RIRIBEHAR IR :
° WEEMEERNBUHIRT ?
° MEREWERE?
° MFEEF?
° WREmER 2
° MUBREERZEHA?

e ZEELHEPAME owner?

C—=0

M

[Complexity

—

Right Place

+

Right Owner

+

Right Evidence

+

Right Tooling]
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BHBRIER T —ERRE -
WNREBEREFHEATL) ° B IFENE ; MRSRAENIMAIEEMDEEME * AE

PRINERRE A3 T RS F AR S 5 2

T

(RRINEREE & (T R E R 4 ? BT R (RS IRB N 2)

A IETUIEEFRE « BB « BRES ~ RERERGIERERER—ESHBKEE -

SECTION

2EXR

® Sutoyo, E., Avgeriou, P., & Capiluppi, A. (2025). Tracing the Lifecycle of Architecture Technical Debt
in Software Systems: A Dependency Approach. Proceedings of the 2025 IEEE 22nd International
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® Fowler, M. (2015). Microservice Trade-Offs. MartinFowler.com. https://martinfowler.com/articles/
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