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4.A.5 Security Strength Categories (3k#%)

NIST will base its classification on the range of security strengths offered by
the existing NIST standards in symmetric cryptography, which NIST expects
to offer significant resistance to quantum cryptanalysis. In particular, NIST
will define a separate category for each of the following security
requirements (listed in order of increasing strength):

1) Any attack that breaks the relevant security definition must require
computational resources comparable to or greater than those required
for key search on a block cipher with a 128-bit key (e.g. AES128)

2) Any attack that breaks the relevant security definition must require
computational resources comparable to or greater than those required
for collision search on a 256-bit hash function (e.g. SHA256/ SHA3-256)

3) Any attack that breaks the relevant security definition must require
computational resources comparable to or greater than those required
for key search on a block cipher with a 192-bit key (e.g. AES192)

4) Any attack that breaks the relevant security definition must require
computational resources comparable to or greater than those required
for collision search on a 384-bit hash function (e.g. SHA384/ SHA3-384)

5) Any attack that breaks the relevant security definition must require
computational resources comparable to or greater than those required
for key search on a block cipher with a 256-bit key (e.g. AES 256)
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4.6.1. Cryptographic Algorithm Security Strengths (3&#%)

Cryptographic algorithms can provide different security strengths, depending on the
algorithm and key size used (whenever keys are required by the algorithm). In
previous versions of this document, the estimated (classical) security strength (s)
that an algorithm or system could provide is defined in terms of the amount of work
(i.e., the number of operations) that is required to break the algorithm or system
(i.e., the amount of work to break the algorithm requires 25 operations of some kind,
where s = 112, 128, 192, or 256 bits). However, cryptanalytic advances (e.g., in
factoring algorithms, general discrete-logarithm attacks, and elliptic-curve discrete-
logarithm attacks) and the potential advent of quantum computing have brought into
question the use of a single number to represent the security afforded by designating
the same security strength for different algorithm types. In 2016, a NIST call for the
submission of post-quantum algorithms categorized security strength in terms of the
computational resources needed by an attacker to break a block cipher algorithm or
hash function, essentially considering both classical and quantum computers. Listed
in order of increasing strength, these security categories are:

1. Secure against an attacker that is presumed to lack the resources needed for
a key search of a block cipher algorithm with a 128-bit key (e.g., AES-128).

2. Secure against an attacker that is presumed to lack the resources needed for
a collision search on a 256-bit hash function (e.g., SHA-256, SHA3-256).

3. Secure against an attacker that is presumed to lack the resources needed for
a key search of a block cipher algorithm with a 192-bit key (e.g., AES-192).

4. Secure against an attacker that is presumed to lack the resources needed for
a collision search on a 384-bit hash function (e.g., SHA-384, SHA3-384).

5. Secure against an attacker that is presumed to lack the resources needed for
a key search of a block cipher algorithm with a 256-bit key (e.g., AES-256).

Table 2. Security strength categories for post-quantum algorithms

CSecur|ty Minimum Attack Cost Example
ategory
1 Same as key search on a block cipher with a 128-bit key AES-128
2 Same as collision search on a 256-bit hash function SHA-256
3 Same as key search on a block cipher with a 192-bit key AES-192
4 Same as collision search on a 384-bit hash function SHA3-384
5 Same as key search on a block cipher with a 256-bit key AES-256
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Appendix E. Glossary (3r#%)

security categories

The evaluation criteria for the security strength of an algorithm in terms of the
computational resources needed to break block cipher algorithms or hash
functions.

security strength

A number associated with the amount of work (i.e., the number of operations)
that is required to break a cryptographic algorithm or system. In this
recommendation, the security strength is specified in bits and is a specific value
from the set {112, 128, 192, 2567%}. Also called “bits of security.”
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FIPS203 “Module-Lattice-Based Key-Encapsulation Mechanism Standard”

https://nvipubs.nist.gov/nistpubs/fips/nist.fips.203.pdf

8. Parameter Sets (1k#%})

Concretely, ML-KEM-512 is claimed to be in security category 1,
ML-KEM-768 is claimed to be in security category 3,

and ML-KEM-1024 is claimed to be in security category 5.

FIPS204 “Module-Lattice-Based Digital Signature Standard”
https://nvipubs.nist.gov/nistpubs/fips/nist.fips.204.pdf

4. Parameter Sets (35#%)

Concretely, the parameter set ML-DSA-44 is
claimed to be in security strength category 2,
ML-DSA-65 is claimed to be in category 3,
and ML-DSA-87 is claimed to be in category 5.

FIPS205 “Stateless Hash-Based Digital Signature Standard”
https://nvipubs.nist.gov/nistpubs/fips/nist.fips.205.pdf

11. Parameter Sets (3k#:)

Concretely, the parameter sets with n = 16 are
claimed to be in security category 1,

the parameter sets with n = 24 are

claimed to be in security category 3,

and the parameter sets with n = 32 are
claimed to be in security category 5.

Table 2. Approved parameter sets for ML-KEM

n q E-m mn d, d, requiredRBG strength (bits)
ML-KEM-512 256 3329 2 10 4 128
ML-KEM-768 256 3329 3 10 4 192
ML-KEM-1024 256 3329 4 11 5 256

Table 1. ML-DSA parameter sets

Parameters
(see Sections 6.1 and 6.2 of this document)

Values assigned by each parameter set
ML-DSA-44 | ML-DSA-65 | ML-DSA-87

q - modulus [see §6.1] 8380417 8380417 8380417
¢ -a512th root of unity in Z, [see §7.5] 1753 1753 1753
d - # of dropped bits from t [see §6.1] 13 13 13
7-# of £1’s in polynomial ¢ [see §6.2] 39 49 60
A - collision strength of ¢ [see §6.2] 128 192 256
7, - coefficient range of y [see §6.2] 217 219 210
¥, - low-order rounding range [see §6.2] | (¢—1)/88 | (¢—1)/32 | (¢—1)/32
(k, £) - dimensions of A [see §6.1] (4,4) (6,5) (8,7)
7 - private key range [see §6.1] 2 4 2
B=11lsee§6.2] 78 196 120
w - max # of 1’sin the hint h [see §6.2] 80 55 75
Challenge entropy log, (zis) + 7 [see §6.2] 192 225 257
Repetitions (see explanation below) 4.25 5.1 3.85
Claimed security strength Category 2 | Category 3 | Category 5
Table 2. SLH-DSA parameter sets
security pk sig
n h d K a k lg, m -category bytes bytes
SLH-DSA-SHA2-128s
SLH-DSA-SHAKE-128s 16 63 7 9 12 14 4 30 1 32 7856
SLH-DSA-SHA2-128f
SLH-DSA-SHAKE-128f 16 66 22 3 6 33 4 34 1 32 17088
SLH-DSA-SHA2-192s
SLH-DSA-SHAKE-1925 24 63 7 9 14 17 4 39 3 48 16224
SLH-DSA-SHA2-192f
SLH-DSA-SHAKE-192f 24 66 22 3 8 33 4 42 3 48 35664
SLH-DSA-SHA2-256s
SLH-DSA-SHAKE-256s 32 64 8 8 14 22 4 47 5 64 29792
SLH-DSA-SHA2-256f 32 68 17 4 9 35 4 49 5 64 49856

SLH-DSA-SHAKE-256f
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2 SHA-512 Category 4
. SHA3-256 Category 2
SHA3|SHA3-384 Category 4
SHA3-512 Category 4

% Camellia, KCipher-2, SHAKEICDW\TId4&ik,




BRERMO @ BEZABNDCategory 1-20HUR)

> DRERESDS5BA/FN (ML-DSAKRUSLH-DSA) (CDWT. Category 1-2 (128EwhtFi1U54(12

EBiEE) 2R 2 (BTN EHN,

[(ZEx7]

v ML-DSA-44(D0\TiE, SEBAZEYDNSSECETILSFIAIN 3T EEMENEL.
R 2 ([CI/HEITHENES,
XKECNSA 2.0TEML-DSADER (. ML-DSA-87(CFREL. HH1/\wS1 (HashML-DSA) OFIFE
ZH TR, CRYPTRECESSUZ NG BRI RIR R B0, CNSOHIRERIIZRERRB,
v SLH-DSA®MCategory 1(CDWT(d. IREFRTIEML-DSALLERTHIANRE
HITHD., Category 1FTHRBEMNREZLITAVEMEZLLTENS, IR 2 [CIBEUL
BUOZEHEE.

<ML-DSA-440DHFICOVT>

v Category 1-20IESHii0F | (EERAKRICEESH D26,
- X 2 OiRBAX(C[ Category 3L EDOFIFE#HEE TS, |LIBELTBENEY
- £z, IML-DSA-441[CHUTRDFRZAITENES,

(7¥2-2) ATHERFROML-DSA-65XIZML-DSA-87 DFIFAEHERRL. R
MR RENBERT—FEIMDIRSAET RTh 2RI 3,

v ML-DSA-44(3, HEAE R (CAVDELEERN R D EF VT BB LD EFIVT1H
TAUDNERBCENSEREZML. TOFEMAZPHE(LTIENES.
XELERERZRDOTF1UT(58E (IS0 TCategory 1 X (ECategory 2330, OmMATIVDERENREZE

MEDZEZBEFEICEHBIT 3L FEH UL\ @nIEERPRDCategory 3 EDFIAZ#ER T B 5 THITL.
OBATFIBIRS AT LADTERFCELIERBZDTF 1) TARE L TIBIE I 2L IR THIEEEHEFX.
1928y NA_EDEF 1T RERNABLFE T hTIINBRZEM4 R T 2L e,
(3£2-3) ML-DSA-44(CDO\WT. SRERKICAVSELB LSO EF1IVUT18E
192y MU EDiFEE I Category 2. 128Ew MU E192EY hKiF D15
&ldCategory 1¢413,

<&Z : BRI ES 05>

T r gt e t+a1V5+
Feitrn4E RS E TN H5
Category 1
ML-DSA-44 (CE2-3)
ML- ((F2-2) Category 2
DSA (0¥2-3)
ML-DSA-65 Category 3
ML-DSA-87 Category 5
SHH-DSA-SHAZ-
128fs/f4 category
g% =222 A Category+
i SHAKE-128{s/f}
i SLH-DSA-SHA2-
i SLH- [192[s/f] Category 3
= DSA [SLH-DSA-
SHAKE-192[s/f] |category 3
SLH-DSA-SHA2-
256[s/f] Category 5
SLH-DSA-
SHAKE-256[s/f] |“3t€90rY >
ML- MEKEM-512 Categoryt
e KEM ML-KEM-768 Category 3
ML-KEM-1024 |Category 5
AES—128 Category—+
HESEES{AES |AES-192 Category 3
AES-256 Category 5
SHA-256 Category 2
SHA-512/256
I\ 1B SHA2 SHA-384 Category 4
0 SHA-512 Category 4
= SHA3-256 Category 2
SHA3|SHA3-384 Category 4
SHA3-512 Category 4

% Camellia. KCipher-2, SHAKEICDWT(&#&ih,
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PSS Rt RAY I3 A4 A=AV 7
(BSI) (ANSSI) (AIVD) (ACSC)
ML-KEM-512 (Category 1)

ML-KEM |ML-KEM-768 (Category 3) Recommended préférence Acceptable approved”
ML-KEM-1024 (Category 5) Recommended préférence Recommended approved
ML-DSA-44 (Category 2)

ML-DSA |ML-DSA-65 (Category 3) Recommended préférence Acceptable approved”
ML-DSA-87 (Category 5) Recommended préférence Recommended approved
%gisl,)/?]AE([ZSa??gzo/rSyHlA)KE]- Acceptable 8 | SLH-DSA®#HAL

SLH-DSA %gfg?ﬁg‘:&zgngKE]_ Recommended Recommended | SLH-DSADZ#EHLL
%EEE/%A E[Csa:'ﬁgzo/ rSyHSA)KE]_ Recommended Recommended SLH-DSAMDSEE AL
AES-128 (Category 1) Recommended Acceptable approved”

AES AES-192 (Category 3) Recommended approved”
AES-256 (Category 5) Recommended encourage Recommended approved
SHA-256 (Category 2) Recommended Recommended approved”
SHA2 SHA-512/256 (Category 2) Recommended
SHA-384 (Category 4) Recommended encourage Recommended approved
SHA-512 (Category 4) Recommended encourage Recommended approved
SHA3-256 (Category 2) Recommended Recommended PQCAIBMERDHE]
SHAKE128 (Category 2) Acceptable PQCHEMEA D A]
SHA3 SHA3-384 (Category 4) Recommended encourage Recommended
SHA3-512 (Category 4) Recommended encourage Recommended PQCHIEMEA D A]
SHAKE256 (Category 4) encourage Recommended PQCAEBEADHB]

£& MY (BSI)

: “Technical Guideline TR-02102-1 Cryptographic Mechanisms: Recommendations and Key Lengths”

* 20304FLABF (3 FFHERE

J5>2Z (ANSSI) : “Avis de I'ANSSI sur la migration vers la cryptographie post-quantique” (PQCE{T(CBET2ANSSIN R £7)
A5>4 (AIVD) : “The PQC Migration Handbook”
A—=ZK3U7 (ACSC) : “Guidelines for cryptography”
() SLH-DSAICDWT. J\w2 180T EMOHABLT ZARTFHRA R THIEZIBHIC, TF1)71LANIL1D/INSX-51y b Acceptablet LTV (Section 4.2.1, Table 4.2) .

X%[E (NCSC) : “Next steps in preparing for post-quantum cryptography” Tl&. ML-KEMAEUML-DSAICDWT, £N\5X-Fty M —iRFRET
SFARIRELLTVS— 75, SXOFBRTIEML-KEM-768RUML-DSA-65%H#E1E,

MKE (NSA) : “Commercial National Security Algorithm Suite 2.0" T3, ERZ2RES AT AMIFIC, ML-KEM-1024X%UML-DSA-87% 1.



(2%) BHBETHEEICKIHIINIRD

R4Y REEF1VFT1FF (BSI)
“Technical Guideline TR-02102-1 Cryptographic Mechanisms:

Recommendations and Key Lengths” (2026.1)
https://www.bsi.bund.de/SharedDocs/Downloads/EN/BSI/Publications/TechGuidelines/ TGO
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IS5 BEFRBESATALFIVT(FF (ANSSI) [AFERODTIRER]
“Avis de I'ANSSI sur la migration vers la cryptographie post-
quantique” (PQCHB{TICBATSANSSINDRAR) (2023.12)

https://messervices.cyber.gouv.fr/guides/avis-de-lanssi-sur-la-migration-vers-la-

2102/BSI-TR-02102-1.html

2.4.3. ML-KEM Key Agreement (1k#%}) X [103](&FIPS203
ML-KEM with the parameter sets corresponding to NIST Security
Strength Categories 3 and 5 (see Table 2.7) from [110] is
considered cryptographically suitable for the long-term protection
of confidential information at the security level targeted in this
Technical Guideline.

e ML-KEM-768, see [103],
e ML-KEM-1024, see [103].
Table 2.7: Recommended parameters for ML-KEM.

A=ANSU7 BAN-tF+21UF71t>5— (ACSC)
“Guidelines for cryptography” (2026.9853)

https://www.cyber.gov.au/business-government/asds-cyber-security-
frameworks/ism/cyber-security-guidelines/guidelines-for-cryptography

Using the Module-Lattice-Based Key Encapsulation
Mechanism (3k#})

The use of ML-KEM-768 and ML-KEM-1024 are approved.

For interoperability and maintainability reasons, ML-KEM-768 will
not be approved beyond 2030.

1FUR BERYAN-tF1U71E>9— (NCSC)
“Next steps in preparing for post-quantum cryptography” (2024.8)

https://www.ncsc.gov.uk/whitepaper/next-steps-preparing-for-post-quantum-cryptography

Key takeaways from this guidance (3k#%)

ML-KEM (Kyber) and ML-DSA (Dilithium) are algorithms standardised
by NIST that are suitable for general purpose use. All proposed
parameter sets provide an acceptable level of security for personal,
enterprise and OFFICIAL-tier government information. The NCSC
recommends ML-KEM-768 and ML-DSA-65 as providing appropriate
levels of security and efficiency for most use cases.

cryptographie-post-quantique-0

CRYSTALS-Kyber, aussi appelé ML-KEM (3&#%-{%:R)

ZOVINTVZ LSS HEADEAHAHSEESNT

=L NVE
1. RSN TA DRI ADNSGA— I ZEEBURVNENEETT .

2. NSA=FFEEOTFIITANINTIEEEINE T, AJEERRDEREONISTE
F2UFTALAIL, TENELAILS (AES-256(cABE) FzlELAIL3 (AES-192

(TAHE) Z(ERT3LeHBDLET.

AS525 ASVYEFER - B2EES (AIVD)

“The PQC Migration Handbook” (2024.12)
https://english.aivd.nl/documents/2024/12/3/the-pgc-migration-handbook

4.2) Recommended Cryptographic Primitives (1k#%)

Primitive Recommended Acceptable

ML-KEM? ML-KEM-1024 ML-KEM-768"

ML-DSAS ML-DSA-87 ML-DSA-657

SLH-DSA SLH-DSA-(SHA2/SHAKE)-256(s/f) SLH-DSA-(SHA2/SHAKE)-128(s/f)
SLH-DSA-(SHA2/SHAKE)-192(s/f)

AES AES-256 AES-128

SHA-3 SHA-3-256 SHA-3-224 (c)SHAKE128
SHA-3-384
SHA-3-512
(c)SHAKE256

SHA-2 SHA-256 SHA-224
SHA-384
SHA-512

" Recommended to be deployed in a hybrid combination with ECDH. ? Recommended to be deployed in a hybrid combination with either ECDSA
or EdDSA. * BSI, ANSSI, NLNCSA recommend the use of NIST level 5 or § parameter sets. NSA CNSA 2.0 requires level 5.

Table 4.2 | Recommended parameter instantiations of the cryptographic primitives.

mea . ANSSIELU T O#EER
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> KECNSA 2.00FAQ (2024£) Tl&. ML-DSAD/{FX—=H(EML-DSA-87ICBRTE.
> Flz. ML-DSADSHI/\w>175T (HashML-DSA) (. IBEDOML-DSA-87F THERIEE THD. IRIFRTERHTLEL,

KE ExRT2MHEER (NSA)

“The Commercial National Security Algorithm Suite 2.0 and Quantum Computing FAQ"” (2024.12)

https://www.nsa.gov/Press-Room/Digital-Media-Center/Document-Gallery/igtag/CNSA/

Q: What is the Commercial National Security Algorithm Suite
2.0 (CNSA 2.0)?

A: CNSA 2.0 is the suite of QR algorithms approved for NSS use. The
following table lists the algorithms and their functions, specifications,
and parameters.

Table: Commercial National Security Algorithm Suite 2.0
Algorithm | (8) |Specification | Parameters

General Purpose Algorithms
(B%) | (B%) (B%)

@) |FIps pus 204 |ML-PSA-87 for all
classification levels.
(B%) (B%)

(B%)

(B%)

ML-DSA (previously
CRYSTALS-Dilithium)

(B%)

Q: Is HashML-DSA, aka the pre-hash mode of ML-DSA, allowed
in CNSA 2.0?

A: Not at the present time. HashML-DSA is a variant on ML-DSA in
FIPS 204, which describes a method of compressing a message
before signing while intentionally breaking interoperability with ML-
DSA to prevent a vulnerability in the case of key reuse. Because
HashML-DSA does not offer any functionality not already offered by
the CNSA hash functions combined in a standard way with ML-DSA-
87, and because standard ML-DSA-87 is expected to be widely
supported, NSA anticipates there will be no need for HashML-DSA in
NSS. Hence, at this time, HashML-DSA is not allowed. If at a later
date protocol usage demands it, NSA will provide specific guidance
on its limited usage at that time.

[{RER (HEHEERERN—2R) ]
Q: CNSA 2.0&(EITThH ?

A: CNSA 2.0(%. NSSTOEANEZRENIEES 7L IUXLOEYRTT, UL
TORIC, BVITVXLEZOHERE, (k. BLUNSA-FZEHLET.
#= : Commercial National Security Algorithm Suite 2.0

FVIUZA | ) | e | K5%—4
RAB7ZNIVX A
(BX) (B%) | (B%) (B%)
ML-DSA (IH (B2) FIPS PUB |2 TO#EX LKL
CRYSTALS-Dilithium) 71204 ML-DSA-87 %fEF,
(B) (B%) | (B%) (B)

Q: CNSA 2.0\ T, HashML-DSA (ML-DSAD7'LN\Y>1E—
R) B@RBHSNTVETH ?

A: IREFRTEFZHSNTOLEE A HashML-DSAIFFIPS 204 TiRESNSD
ML-DSAD/\UI-23>0—2THD. BOBEF AR CEUSDMEs5 2R < T
BIC. HATHREDOML-DSAL DB B ERMZEI B ofc £ T EBRAIICHY
T-2ZEMHEIDFEZHFEALTVET, HashML-DSA(&. ML-DSA-87¢&
CNSA/\y> 1B Z IR EN R T ETHAIEDE IS EICEH TE AL
FOEOEIRHEURNCE, FARENBML-DSA-87HLCHR—hENBER
IAFNBTENS. NSAIINSS (EIRZEFRESZTAH) (CHBLWTHashML-
DSARARZETHDEHIBTLTVET , ZDfsh, IREFRTIEHashML-DSA(GER
HENTVEE Ao FERMICTONIIL EORBEENEUIBECE, ZORFRT
PREMBERCEEI 2B RIEE NNSANSRENEFETY .
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(%) ML-DSADTF1UF1HF7IVICONT

> KENISTOFIPS 204 TlE. ML-DSAOTF1VFT4AF7TUICDWT, SBERMICAVBELERERKEZDTF 1T 58 (LRI 2544
ZRAELTHN, ML-DSA-44T(S., BLEE R ZRD8E (Lo TCategory 2h5Category 1R T 93155 h%5.

KE EIZRERHAFFR (NIST)

FIPS204 “Module-Lattice-Based Digital Signature Standard" (2024.8)

https://nvilpubs.nist.gov/nistpubs/fips/nist.fips.204.pdf

3.6.1 Randomness Generation

Algorithm 1, implementing key generation for ML-DSA,
uses an RBG to generate the 256-bit random seed ¢. The
seed ¢ shall be a fresh (i.e., not previously used) random
value generated using an approved RBG, as prescribed in
SP 800-90A, SP 800-90B, and SP 800-90C. Moreover, the
RBG used shall have a security strength of at least 192
bits for ML-DSA-65 and 256 bits for ML-DSA-87. For ML-
DSA-44, the RBG should have a security strength of at
least 192 bits and shall have a security strength of at
least 128 bits. If an approved RBG with at least 128 bits
of security but less than 192 bits of security is used, then
the claimed security strength of ML-DSA-44 is reduced
from category 2 to category 1.

({RER (HHHEIERN—-2) ]
3.6.1 BELEAERY

ML-DSADEA R ZFEEZEI B VI IUXALLITIE, RBG (ELEYER
28) ZRVT256EY R DELES —ReZERKT D, >— Rl SP
800-90A. SP 800-90B. H&U'SP 800-90CICARTESTNDEERHF
HDRBGZEBERAUTEREN. FTARD (IRH5, LEICFERIN
JecEDRVY) ELEMETRIFNERSRV, S5(C, AT BRBGIE.
ML-DSA-65(Cx U T <EH192Ew ~, ML-DSA-87(ZxFLTIE
PREB256EY D FIVTRE Z MR TLVBRENHDD, ML-
DSA-44Mi54 . RBGIE<EE192EY b EF 1T (REZH A
BTENHEREIN N DD EKEDH 1288y bt 1T (F8EZHA TL)
BIFNERSE0, 1286y U E1928y hRiEOTF 1T/ EZ I
DEAGREHRBGZIEHT 3155 . ML-DSA-44D 3\ FrteF 1758
E (. h7T02h5h57TJVINESIE T IFBNS.,



https://nvlpubs.nist.gov/nistpubs/fips/nist.fips.204.pdf
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(*1) RFC 9881 Internet X.509 Public Key Infrastructure -- Algorithm Identifiers
for the Module-Lattice-Based Digital Signature Algorithm (ML-DSA)
https://www.rfc-editor.org/rfc/rfc9881.html

(*2) RFC 9909 Internet X.509 Public Key Infrastructure -- Algorithm Identifiers
for the Stateless Hash-Based Digital Signature Algorithm (SLH-DSA)
https://www.rfc-editor.org/rfc/rfc9909.html

(*3) RFC 9882 Use of the ML-DSA Signature Algorithm in the Cryptographic
Message Syntax (CMS)
https://www.rfc-editor.org/rfc/rfc9882.html

(*4) RFC 9814 Use of the SLH-DSA Signature Algorithm in the Cryptographic
Message Syntax (CMS)
https://www.rfc-editor.org/rfc/rfc9814.html

(*5) Use of ML-DSA in TLS 1.3
draft-ietf-tls-mldsa-06
https://datatracker.ietf.org/doc/draft-ietf-tls-mldsa/06/

(*6) Post-Quantum Composite Signatures in SSH
draft-ietf-sshm-composite-sigs-00
https://datatracker.ietf.org/doc/draft-ietf-sshm-composite-sigs/00/

(*7) Stateless Hash-Based Signatures for Secure Shell (SSH)
draft-josefsson-ssh-sphincs-02
https://datatracker.ietf.org/doc/draft-josefsson-ssh-sphincs/

(*8) Module-Lattice Digital Signature Algorithm for DNSSEC

draft-westerbaan-dnssec-mldsa-04
https://datatracker.ietf.org/doc/draft-westerbaan-dnssec-midsa/

(*9) Stateless Hash-Based Digital Signatures with Merkle Tree Ladder Mode for
DNSSEC
draft-fregly-dnsop-slh-dsa-mtl-dnssec
https://datatracker.ietf.org/doc/draft-fregly-dnsop-slh-dsa-mtl-dnssec/
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(*1) Cloudflare, “1.1.1.1 now supports post-quantum DNSSEC”
https://blog.cloudflare.com/post-quantum-dnssec-1111/

(*2) Cloudflare, “Post-quantum authentication to origins is now supported”
https://blog.cloudflare.com/post-quantum-authentication-to-origins/

(*3) Google Cloud KMS, “Digital signatures”
https://docs.cloud.google.com/kms/docs/digital-signatures?hl=ja

(*4) AWS KMS, “ML-DSA keys in AWS KMS”
https://docs.aws.amazon.com/kms/latest/developerguide/mldsa.html

(*5) OpenSSL, “OpenSSL 3.5 Final Release”
https://openssl-library.org/post/2025-04-08-openssl|-35-final-release/
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