Q) 7wk BExbrEz]) A6l
Zao]lE no-cache ZRxx}e] AaA =4

71 A |l * 717:]13_1'1**

" v, B0

e o

AWzt (Decentralized Identifier, DID)Y did:web2 HTTPS 7|%e 2 DID A& Z£33t2

F7F HTTP WAl &l 7] 3|4 (4] 784l o] Fol = 7BAl A wA7F dA A7E ukstd 4 o), 2 =
DID Re solut10n—4 noCache |4 43 FE3t], Felo]dEe] HTTP 84 A A A7} o= stale
DID #4 25& AAZ £d F JdeAE SAHI). T2 HTTP MA 722 743 bl2Enm oA 24
g A7, AN ANA A= AAR L F A A A0 2Fo] AAR wh, o A= A AR A4
o] ol whE Ao|7} vjehtA] odskeh, mak AR didiweb T NANME no-cache 84 W& S5
Age 7Fart AL HE5E A skl wEbA] %EPO]"d no-cache A2 &= S A A9 F 3 FA o
&, A7 AAAT LR = didiweb HE A2 Auke] A AAEE BASH] o®{c),

r1o }m

= DID Resolution®| noCache+ &147]7} 7] A5l
A AAE 2A @EE 8Ashke FAdeld, H
AR 2HDID) (1) [5] 2] did:web& HTTPS TTPS vz Ao seirle Fo= A=t

2 wAE Z33lER (3], 7] 3]H A APl o] F (2] . #x71F olE  ASlEA] ¢dow
L= HTTP A (4] 7F 44 A 415 A 5 9k FEATURE_NOT_SUPPORTEDZ -$5}dtt}. o]
o] &l PKI 9124 d7]od = a5 AT 2ol FA9 ol dA7] Wi Abeel] PIAw | 1 Sk
A8kt (6] , DID Resolution noCache [2] £} 3Je] HTTP Aol AHEo 2 ulEz] et}

HTTP Cache-Control: no-cache [4] & t}& 7 b HTTP Cache-Control: no-cache £%
32 BAlel}. 71E DID A% A= &3] Zejo|wA] A= ARE SHE A A5 Flo] AREEA|
T2 ey (7], & =2 A& Rt $3 %715 FefeldErt AsdE vekdich 4] L &

A AH B 5 s A1) AEAS 57”3}4 AL F7E A Al A A FARE 4 Qe EA
nginx-Varnish-Squid #HlA~EW| =9} Ager} 353 £ o] AlZoltt. RFC 9111014 & MA] AAA=
Alg-od wiE 232l A A A 25 S Age W advisory A4S 7FA22 no-cache £32 A4

31 wlasldet. (1) 7 no-cache®l Al 74, (2) Hted o= A Fd 4 2o AA o= 4 gl
= origin okl A FAE E©), (3) ALd ¥ o} B =i o] HTTP A4 Pﬂi ZA3h | A

MAel A F& ArE B ugh} 44 noCache? end-to—end A 3A-e A93lc},
I, 93 Hid L £2d ™9 2.2 . HI| =&

2.1. & 7| no-cache B =Ro] d7] 23S 7] 3] 9 DID ¥
B AT YA S (KISA)-A R R EAS e z]dAls]e] A1-& who} 305 od790(34%). £ A+ 20264
E FAMAIG0S] A ARSI Q79 (S3471302) (33%). & AHEE SUFANES AR 534
717183719 FA R eg g dH® Ak o A4S ol 33 (RS-2024-00397026) (33%) .

*

Avtdlata dntdeks] Ql3As-g-3tstet (EhlA, geonminkimojnu ac.kr)
24142 (corresponding author) @ Al dnbeshdd dFA5g¢st (224, kyungbaekkim@jnu.ac.kr)

*

*



separate observational channel

cache paths under measurement

nginx-default
proxy_cache
(no request CC)

nginx-bypass
proxy_cache_bypass

measurement client on Cache-Control

(relying party)

plain / no-cache
Varnish 7.x
built-in VCL

Squid 6.x
accelerator

live did:web
Deployment A/B
paired Age obs.

did:web origin
max-age=10
Update / Deactivate

trial: prefetch (fill cache) —» update att_u - single GET at &
compare plain vs Cache-Control: no-cache

(3 1) A ol7|EA. &8 Z2l0|MEY} nginx-default, nginx-bypass, Varnish, Squid Z&

=Ll

=
=
did:web originoll EZstch 2zt trial2 prefetch — t_uoliA 24 244l — sollA =t GEToln{, et @&z}

Cache-Control: no-cacheZ H|W$tc},

Al AAE 7HAEaL, A AL A7 tiu o] 5 ARAl
A B A7) 23] F = vEE Ao} 7 trial
2 A Aol 429 ANAE & H A (prefetch) gt
H FAME A, A A7 GellA ARG ' @
4L et dul 843 Cache-Control:
Ao xEE vaEty | oo e E

Nzt + I 733 A BN E B prial 5
E@) = &g ool 2A trial 5 W

o714 &= A 7YAl o] F2] AlzkelH | A Al AA|
9] freshness lifetime(¢ll: max-age)} FU3t 4]
A7} obdell fref 3t

B HAl BHO| NE MM W AW

3.1. HAEHIE &=

ol 4= AelE Aejit.

(Z 1) 58 42 39

e 74 24

nginx 1.29 + proxy_cache 713 714

nginx-default . s
& TA. 24 Cache-Controld #x3t# &

¢l9} ¥43}tE proxy_cache_bypass /
proxy_no_cache® Zz}o]dlE
Cache-Control 315 HAHZ A 14

Varnish 7.x, built-in VCL
(713 grace £§)

nginx-bypass

Varnish

Squid 6.x, accelerator(¥==A])

Sauid e 74

3.2. HAEHE HX}

Origin< public, max-age=10% F 33}
trial> "lARS- Akl sl prefetch(eF 0.3
F) = tudlAd 4 A > SellA AR o
GET w22 #l3gic}, duk 843} no-cache £4
WU trial A (F 280 trial) 22 A3t
2+ & actual(10x4! trialwt 3H4FF k/n B]Eo|
o % 2+ § 3 [0.5), [5.10), [10,15) 2%
Wilson 95% CI& HAch(F7% n=40~63). A
A 1,680 triale delay ZAAbutcl 53 A|HA1E A}
S3bch 2 AARe] Aok b3t 2t prefetch Al
Aol AA Agew 022 AR Yol A=W
freshness AAI7}F tb& 4= ek, Squid LHF 849
e [5.10)% T7F x=Z(23/40)Rk o,

W P

ke rlo



(a) plain request

(b) Cache-Control: no-cache

1.0 mex-age=130 b :f
w 0.8 4 .
L
3
3
S 0.6 E
x
[
S 04+ 1
S —i- nginx-default
% 0.2 4 @ vamish 1
= —&— Squid

0.0 4 —- nginx-bypass : ] ; L F3

T T T T T ! T T T T T 1
0.0 25 5.0 75 10.0 125 15.0 0.0 25 5.0 7.5 10.0 125 15.0
delay after update & (s) delay after update & (s)
(O 2) 24 = 43t AjZH 8ol IE HY| =& E(8).
(a) gt 23, (b) Cache-Control: no-cache 2. M2 H|WE 23l origin2 max-age=10X5 EAISIC}

c

nginx-default-nginx-bypass plain< £ 7t
o4l 40/402 dXgH(2H 2a). ©] HE we¥
o, Squid?] AR AA L F7|3 A e
Squid®] freshness W& zjo|& A3},

i

e

3.3.

a2y

i)
e

2 plaln no-cache 5
oF 22417k(%& 18,494 7d) 335]'35\"4'. =

7]’ ‘3}"1 - 7“‘]7} zz} L% ZHH:‘t(Deployment A,

B)9] 1,980%%F A8kl on, Agert $le 9
T MA vFgeew AYstedrt. |Age plain—

Age_ncl<1eo|¥ "Age Za g5 22 #ejgic}

v, AE

et

i

4.1. XAIXt 23h= FHAl T Q=S

£24

92+ £ B4 F 10% oW (6 < 10%)

rZolt}, Squide d¥k 24

(F 2) 2M 24 & 10% o|H(8 ¢ 10x) Z=2Y 7|
£E ZH 742 o 100700 S trial2 FAEct
AR gut 23 no—cache &3

nginx-default|{100.0% [96.4, 100] {100.0% [96.4, 100]

nginx-bypass

100.0% [96.4, 100]

0.0% (0.0, 3.6]

Varnish  {100.0% [96.4, 100] |100.0% [96.3, 100]
Squid 83.5% [75.1, 89.4)| 0.0% (0.0, 3.6]

83.5% [75.1, 89.4] *I4 no-cache A% Al
0.0% [0.0, 3.7] & 4"ejxlct nginx-bypass®
100% [96.4, 100] <14 0.0% (0.0, 3.6] & 74
sldct. Wb nginx-default®} Varnishie #|AI#}
g Fod= 727 100% [96.4, 100] ., 100%
(96.3, 100] 2, dut 843 =225 Ao|7} I35

2] ook oy 2+ 6o wE E(5)elt}
no-cache 8|4 Squid®} nginx-bypassit A

T7F %] 0o] =W, default®} Varnishe o

"k 9 A3} - EE 2] o=t} Squid g8t 84 83.5%

= A<k 3} freshness BEE 2o & sjA3cH(3.24).
§ { 10% 3l nginx-default-Varnish®]

no-cache £A-> HIT(102/102, 101/101),
(% 3) &2d viZ 54 Y no-cache 2& =1}
) A AA Fe 33 Cache-Control | BA& 83 |Age F4& & ﬂﬂ](@_ﬁ}?rgli—cache)
Deployment A E}%éggiﬁ)via: max-age = 600 1,320 (1?72‘84(:/%) 600/600
Deployment B | &% managed node mf:‘é’rajzl;gte 66071 %ggo%%)’ 20,103/20,104




nginx-bypass®= BYPASS(102/102)&, A|Azk

nked o} 7k A FAel oEdE ATt

L0{- 1
'|'_'o1-o

4.2.

nx

5 FHAIOIM Age Hi3}

% 32 A9 paired observation Z3folc}.
Deployment AellA+= 1,320 5  97.4%,
Deployment BellA= 660% 254 odut 84
8] no-cache 849 Age #4vl I=HA o9
t}. 53] Deployment BE max-age=0,
must-revalidate®  #13 1}01] odul e X3}
no-cache &3elx 27 o 2
Z2] AgeZl TEHSI. o=

oA Zele]dE no-cache £4
HA ZF2ATNA FeE Bolset. ot
o] Ages AA-S7MIFH=A= E}Zé% T @en

5| 1

EREe 2 did:web ZHbel

E =52 9 7]k DID siAellA oE Azt &
ZFoAAe AR A 4 9l HTTP
Cache-Control: no-cache £% A|A|z}9] Al&A
< 2A43lgct. DID Resolution® noCaches}
HTTP no-cachet A& t}& Al=2] EAoln 3
A5 Zefold By} muitiele A4 § A AR A
Ao AdEE BAEA derh HaEH A=
Squid¢} proxy _cache bypass® #Z nginx 74
nto] A A|AZ Wkl sl i, nginx 71& WAl AT
Varnishe 8F3sA] et A3 2 A 23
ANME A AALR Qg $5 Age A4t A9 #=

A ot wEbd 7] #7019 AEE Sl
8 A A AFelut &A= oF =} did:web
dxl=  origin AAE AHAIFY 7R
proxy_cache_bypass- /A F83} d%5S HE
of 3hv, o& YAl M AR AN A

4 9thd no-cachewte 2 AXEE 71434

T},

er

o

rlr mlo

y
o,
2 0 S Ho Mo |m

ozt

f 12 8

(1) W3C, “Decentralized Identifiers (DIDs)
v1.0,” W3C Recommendation, Jul. 2022.

[2] W3C, “Decentralized Identifier
Resolution (DID Resolution) v1.0,” W3C
Candidate Recommendation Snapshot,
Aug. 2026.

(3] W3C Credentials Community Group,
“‘did:web Method Specification,” Draft
Community Group Report, 2024.

(4] R. Fielding, M. Nottingham, and J.
Reschke, “HTTP Caching,” IETF RFC
9111, Jun. 2022.

(5] C. Mazzocca, A. Acar, A. S. Uluagac, R.
Montanari, P. Bellavista, and M. Conti,
“A Survey on Decentralized Identifiers
and Verifiable Credentials,” IEEE
Communications Surveys & Tutorials,
vol. 27, no. 6, pp. 3641-3671, 2025.

(6] Y. Liu, W. Tome, L. Zhang, D. Choffnes,
D. Levin, B. M. Maggs, A. Mislove, A.

Wilson, “An
End-to-End Measurement of Certificate
Revocation in the Web's PKI~
ACM Internet Measurement Conference
(IMC), 2015, pp. 183-196.

(7] S. Huh, M. Shim, J. Lee, S. S. Woo, H.
Kim, and H. Lee., "DID We Miss
Anything? Towards Privacy-Preserving
Decentralized ID Architecture,” IEEE

Transactions on Dependable and Secure

Schulman, and C.

in Proc.

Computing, vol. 20, no. 6, pp. 4881~
4898, 2023.



