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1. ltesOdzOdzd L Jtetso Ols Mso toj d3j dzdz';j2 ) d3idsicHO dzd 1 H
SBteOB BIsS d( HHoQdgdE)tr) S IsdBdL Oydd ¢ttt § Justslsddd L O
Bd dzd B L Oyfid] WA@Y\ ftod HftesjCIlsdteso Odedd Octcj ¢ Olstse
dr fteiddBeh imMlse O d BeteOdzd yJ dzd v .

2. lwjHdEsydls! tj iRk dioydd s sfildidd@aydd L
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[ ilssH f Otelsdyi tsteiptc wpj BddsdHy dzsec d yd MEsets tOL BJJ C
Mdedgj daglsr, COYHT2 dL CBlsster n RttOdzdIlsmMw GlsH j dz' dzts
toj Pz jIsmMw f T SBEPARTLOTIKON j &Y o C(ttlttttsd kS OL
stftcjHjdwshjj f Otclsdyd® H dzw COYHB2 MtetsC d .
f Otclsdydtsdzdtcso Odedw or BdteOs Isfqpw  fsdzv, 5 Ctslsser ¢
ddzd Octej cOYde slsB®cilsPC Bz dydets ¢ to k=it dz'd fipdzle Is i 2O ff s
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CdzOMmisjtedL Oydd HOdzdzr = 20O HdMSCj, HibjtoRdddttss Od
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dm¢ dzs ydls: dL tBtOBtlsSd §Olsdydd, dzfj kZHBo dzj Ise
f Otclsdydesdzdtetso Odedj tBdZj G YOjls EZHOdzjdd] ddzd Otn
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PARTITIONBY toYYYYMM (dt)
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ALTER TABLE t DROPPARTITION '202301"
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Il sdzv, ECOLOddZORD&E RO BEO) SstetbgHj dzv ¥ Is f StcWHEBSE =
dqd dz0f ew d3lz® odzdwels dz© L WWJ CIsdo dztsfids ! O Goatd jfetdrdgj2c
Wddzt steOyd2. 1 Blkddydy BGls IttOHdydtsdzdzr » toj dzv ydt
B' Mtesets HsMEzyf O € HOdzdz"r &3, ©® Cli ckHouse MmBstels
WdLrdyd mS zs Cdi3f O sdetsm s d dzstodz dztsmis! tc ORytg@dzd d
fsdmMcO d Octej cOYydd.

r dzv Htsmisdy jddw BOSCMHdBOd dets?2 + WWj CIlsdoe dztsflsd
tcOMf sd&zOG Ols i sdzw ) ORDER BY 9 f steWwHGCJ o BBL
sty HJd&V]Ilshw Cdzd yd Mlseo sd3s k dzdsS Ok diaf3 - dzg 1 dz@idedidd @
&ZOodetsdzr hdd3 Ssdzduyj Msoasdz fsolststewes h o mw L dzOyJ dzd 2
Cedzdyd Msotsdzs fsolststetso) . v OCB2 YoWHBES diddddkdL d
mMdzdwdzedw d ftsoer hOjIls tWWjSIsdoe detsils: My Olsdw H Odzdzr

( Mdzd dzi G tedHOo Olststcls a@ts g Gaff W d ¢ Szezyfgz MY Otelsd yd s
sOBdzdyk Mt Mdzi HEsE hddBB B tcj H] dzj ded § d3:

CREATE TABLE products_mart(

dt Date,

product_id UInt32,

user_id UInt64,

revenue-loat4

) ENGINE = MergeTre€)
dzr MistsdzG dzy dislmwy M MdlskzOyd4 2, Y Is lt, pfotdugtid,fusedidn S J o
ClickHouseB ZH jIs o'" dzky j dz MC Odzd tetso Ols IsOB dzd ylz 1 ts dzdzt
sOBdzdykz o ©f jtOlsdeodlkze §OdWIS!  sdzdsmlilss & .

(Mdzd X4 9" BttOIs! Cdzte y Mtelsdqeso € d o f =dsivHG ]
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Cdze y Mtelsdteseo §d o G dpjodulidhugedid. § tstaemg jff Otels d yd ts dzc
or Bty dzv § csmisjsdzdfsy kziff ®Wlsdiryd J 2 .

CREATETABLE products mar{

dt Date,

product_id UInt32,

user_id Uint64,

revenue Float64

) ENGINE = MergeTree()

PARTITION BY toYYYYMM(dt)

ORDER BY (dt, product_id, user_id)
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sOCYJ HijHEfEZIJSOYdE, yd dzj ntReac@MaizeTratm§ stk L 50 ©§
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ReplacingMergeTree ftLotsdwjls OolstsdzdOlsdyi mMm¢d L C
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l dedL S22 ddzd MtejHdzj 2 € OteH d dzgOdz! detsflss 5, IsOCdd3 ¢
ftoesHEZS Hseo d Is.

2. utsC dzQAgo O ctczf f Jctso € d fn ¢ dzg YO Mstelsd o ts
ftoesj SIsdiesa Odzdd Mnjdd ~teOdzgj degdWv t6j S s5d3j dgHlzj Isfpw o
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dmf sdz! L s9 Ols YL daegp s o tc Gz tett b d teitOedidizz - | Yyt &
s5fjwOoyd? OctjecOydd d dBdddddLdeizjls {§sist]sdj dd]

3. RLBjGOdzed) ocwkzffdteseoSd 6 §dvdg, l BBdz hc
GROUPBYf sdzj 2 M BBdz hddg tsBi j BBz ( dz2Of ted d3J tc, H dzd «
Mstelz€ls) HftedotsHdls ¢ L dzOydlsj dzv desdzz ko j dzd yd ded ¢ to!
d ditsyil MEh jMmlse jdedes L ORI HAzdIs! o §f sdzdzj ded i L Off t
dzj sBn SHJ A j§ H dzw 0dzOdzdIsd ¢ d ff sdzw d dLBjGOIs!
ctezff Jtetso C Iz.

4. Az steOyYydw HOdzdzr = HEt 1 IO O cwkzffdtesoSd. 1
st J cOBROUWOBYf sLotsdzv jIs MsCteOIsdls! Ctsdzdyj Mlsets B!
Edzj dz' " OV twOLBjtc ftesdjykzlstsydsy = HOdzdzr = d EMC tsteV
sMisB j dzdzets oCDejtellds) fffcde tedz! P ddiz3d B jJ BORBd HOdzdzr =, @
M smMtse dzO Mikh j Mise j dedets MdedL dIs! dOctelkzL C 2 dzO ] MEz

lted tsBtOBBISSC ] IsOBdzdydzr = HOdzdz" = © LI YOMIst
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CsBsB ddzd tets 9 Ols Mlstets$ d fts L OH Odzdzts 3z ftoj HdC Olsk
tcOMYf tej HY dzj dedets? S Bdzsdtsydsts? Otndlsj Slskzter yjtejL M
HOdzdzr =. 1 odHlz tftse | dzd@idkHoys? ¢ todits dzts tpd2tt 2 dadad) €
f sdzdztsmis! 6 or Gtk Ojlsmw o ©f jtcOlsdoedze  ORBYIS! d&BO
RELO {1 IssdNjfftedsdz: hdr IsOBdzdy 3" By 4 B3 MistsdzC dzlz |k
OOz Isdyj MSdr o dlstcd dzOEO fipfls 5O 6L e dg;j QlsvG rls WO | dBO CH to Iz ¢
preaggregation( f o j HOGte i g e EBP EZdL Oydvw . 1 L sz t6j € sd3d
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B4 dz¥ jd)NWHtej HOG L] 6 OYdW dzj o 51 d3B 2@ o3 oz dzis) frpts) o) tft
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H Odzdz" = . 1 Of ted d3d to, o3 Mss JOI N'O ftsdzt L so Olsj dzj
odlstcddz sy dzes R tcOdzdls! o IsOBdzdyy LOSCOLtse kY4 of
GstetsH .d ,Is. i mdzd s HOdzdzr § d3j dzvbs Ismw tJjHETS.

JOINSY J teOyd ¥ B4l EMEtstedIs! ftcj HO OtEd Is j elAr wizDIY
MsCteOh jds Ctdzdyd Msets L O dmy 2, MtejHd Ctlstste’ A
Eyd mMlsy o §jtwoadudesdyz ¢ dzt yJj  tsdzWOIN Y sy lSEs IsASid" =igs dildz HY
dz2i cOPHzlsfug) dz' M jdedj ¢ BIstejBdzj dedw §OBYIS(.

t OMmissIlsted d3 dzO ficddizd oy L OfsMO OcGtcj O 5 s
i Codzduyd Mok f sMSIONST POicGUYULHjJRQ. @ jjAaidH IOINO dzdzts 2
slsW ddz! Istetseo Odz" H O dzdz'SELEGTsomm@nlsy jd é (\WHERE dtgyesferdag)),

Yd B dLBiYOdzd ff sdzdesets MC Odzdtetso Oded W Is O Bxiedto@ L, t5 d®
EmMC st b &$dm 1.1
WITH comm AS (
SELECT community_id,
community _name,
community_type
FROM communities
WHERE dt=yesterday()
),
posts_ AS (
SELECT
author_id
FROM posts
WHERE dt=yesterday()
)
SELECT
c.community_id AS community_id,
c.community_name AS community_name,
c.community_type AS community_type,
count(1) AS cnt
FROM posts_ AS p
JOIN comm AS c
ON p.author_id=community_id

GROUP BY community_id, community_name, community_type

ORDERBY cnt,

1 tcj HiNlsOo dzj dzdz" | teJ Ctsd3j dzH Oyd d d ftod d3 tor w9
sflsddidL Oydd OdzOdzdIsdyd MS dr 9 d [€lickHdzisatzO diisfg dzts o j sUAF
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RASGHO tyjoadHdets, yYlsts IsOBdzdyo dzj tOMCter e 0jls M
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BoteW sdkjlsted yj MS 2 ~OwLOCkjtedmisdSd, StkstoOv i df
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BsH | Zzdftso Ol sL dzd COjIs fslstcjBdesmisy o or BBty § SHA
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sflsd 3Odz! desmisd L OlstcOls or ydmazdlsj dzr dzr » tj MEtemso
ddes j ef sz ydd d OffesSmdBoydd.
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3. tdO0dzdL Oydw BsHj dzd .

4. ldLEzoOodzdL Oydwy tjLlzd sOIktse .

lteddsd dzgd Isj dz! dets € HOdzdes 3z d Mmooz Hise Odzd & ISy dats

1. ljtwor @3 {1 sOfsd3 wWodzw jIsmpw Mmeste d fHdaH cdstsashlE |
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stftcj HJ dzj dzdzr j fto] SBtcOL 59 Odzed ™ PytlostcH ¢ @zOIs.s5C Dic f 63§
fodzj L dzts? EPdnBazd §ls NS Bz CkF t5dz20 fsLotdw jls OBGISOIls
d ftewsdls: drn 0O0dzOdzd L .

2. ddzj Hs N g RBBMBSOfSHASHYN jes BjIssHO dsH | dzd tc
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3. 10 10fj] tjOddLOydd o' Bt OddmPy K Hsjsdzds O Y
sBiMfJudeoOdls BYfjwOydd dOH ddtsy jMmlsotsds o Clsstet
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4. 1Oydgj2hdd d dOcdvHdr & O jSIssd BSH| dd ot
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[Odzj j dzjsBRsHd®E §jttj2lsd ¢ Stsdltejlsdy &3 L OH
ej " jddv ftod foBktshd B3O BOsdyU)MEtsets d Bytsagy: ¢ s

1. RLBBKGOYjded i Stdjolgf’ W@ jff OHORBI or sls, dgj sBR
Bi Mlsdesmls: d tyjddlk' §ctejh dtsils! dssHj dd.

ltedd3j te or §f tsdzdzj dedw (tedfp. 1)

# OTpucoBska pesynbTaTa

fig = plt.figure()

ax = fig.add_subplot(projection="3d")
ax.plot_surface(X, Y, predicted_Z, cmap='coolwarm')
plt.show()

Ownbka uHTepnonauuun: 0.7154
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LOHOdzdzts] ydmdzs Isj 30Isdyud MSdrmr C dzOMiIsj tetse, i lsdd3qd
OdzestedIlsd3 DBSCAN, Ctslstster 2 orwodwjls ¢ dzOfMmisj ter ¢ tof
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5. Jyidz¢ 0 CoOyjfmseao. GCWWjiClkdodessmis! ¢ dzOMilsjtedL ©
stcjBlkzt hdrn 1 IsO0Odzsdzdzts? tOL d3j Is€ d:
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Motslsdzesh jded] HdMYy jtemMd?2 odzzlstced d diiyHE ¢ dzOMIsy

6. Rdzlsj cf toj sOydw tcjLEzdz sOIstse . ) tejLEzdz IsOIs§
sjasdui MEdd CdzOMIsjter. sO3HMN2 CdkOMisjtc - OLOC IS to
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# BexTopusayus o,
# AHanu3 KMAcTepoB

vectorizer = TfidfVectorizer(max_features=5000 .
(max_ ) for cluster in sorted(df['cluster'].unigue()):

X = vectorizer.fit_transform(df['processed_text']) cluster_texts = df[df['cluster'] == cluster]

print(f"\nKnactep {cluster} ({len(cluster_texts)} mokymentoB):")
# Knactepusayus
n_clusters = 3 # HacTpausaeMsll napaMmeTp Y e N
# 06nako cnoB ana knacTepa
kmeans = KMeans(n_clusters=n_clusters, random_state=42)
df['cluster'] = kmeans.fit_predict(X)

text = ' '.join(cluster_texts['processed_text'])
wordcloud = WordCloud(width=880, height=400,
background_color='white').generate(text)

spectral = SpectralClustering(n_clusters=3,
affinity='nearest_neighbors',
random_state=42)

spectral_labels = spectral.fit_predict(X.toarray())

# OueHka Ka4yecTsa

spectral_silhouette = silhouette_score(X, spectral_labels)

print(f"Spectral Clustering Silhouette Score: {spectral_silhouette:.3f}")

# Busyanusayus

pca = PCA(n_components=2)

reduced = pca.fit_transform(X.toarray())
df['x'] = reduced[:, 0]

df['y'] = reduced[:, 1]

plt.figure(figsize=(12, 8))

sns.scatterplot(data=df, x='x', y='y', hue='cluster', palette='viridis',

plt.title('Busyannsauns KnacTepoB TEKCTOB')
plt.show()

{ d.fiy.

plt.figure(figsize=(10, 5))
plt.imshow(wordcloud, interpolation='bilinear')
plt.title(f'06nako cnoe gns knactepa {cluster}')
plt.axis('off')

plt.show()

# Ton-cnos
all_words = ' '.join(cluster_texts['processed_text']).split()
word_counts = Counter(all_words).most_common(28)

if word_counts:
words, counts = zip(*word_counts)
plt.figure(figsize=(12, 6))

pdzctstedIlsdys tcOBBIS"T f tLtsG tcOd3d3’
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# Cnucok ameopuTMOB KhacTepu3dyuu
models = {
"KMeans": KMeans(n_clusters=3, random_state=Config.RANDOM_STATE),
"Agglomerative": AgglomerativeClustering(n_clusters=3),
"DBSCAN": DBSCAN(eps=0.5, min_samples=5),
"Spectral"”: SpectralClustering(n_clusters=3,affinity="'nearest_neighbors',random_state=42)

1

# TemaTuyeckoe ModenuposaHue (LDA)
logger.info("TemaTuyeckoe MOOQenUpoBaHWe...")
count_vectorizer = CountVectorizer(max_features=Config.N_FEATURES)

X_count = count_vectorizer.fit_transform(df['processed_text'])

1lda = LatentDirichletAllocation(n_components=5, random_state=Config.RANDOM_STATE)
1da.fit(X_count)

def print_top_words(model, feature_names, n_top_words):
for topic_idx, topic in enumerate(model.components_):
message = f"Tema #{topic_idx + 1}: "
message += ", ".join([feature_names[i] for i in topic.argsort()[:-n_top_words - 1:-1]11)
print(message)

print("\nKnwyeewe cnoea gna TemMm:")
print_top_words(lda, count_vectorizer.get_feature_names_out(), n_top_words: 10)

tdB. sfdmss Odestdlsdss § &OMsjtdL Oydd

]l thdtse j] HOdzdesets dMmfmdzj Hise Oded W dzj ¥ Ols € dzOMMmd y
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ZOf tOo dzj dzd®é® YtsHGetslssaCd © B AEZOMISd dda sStedBOYJ 5 dzd
CRY dudgalg Ismw IsjCkhddz d ddedetseo Oydtsdadzr d3 dmff sdz' L ts9
fsLotsdzve h ddz yJ dzse j C Iz HsfMIsd 6 Ols! Mo tsd n Y4 dzj 2
LS sdesd3d yde" di3d, d3jdzaj 4 bkt BSdid, Btsdij udfisr d
Slsd3j yOjlsmw, wstshriagsots@usaapeE®@f " dj (el j MindsdOdz d
Ced3f ' ¥ Isjtedz’ » HdMyd(y dzd dz.

d4IsOdzH Otgls Computing Curricula 2020 tftejHJ d™

fMdMmilsj B ¢ 9 Ctdifjlsjdyd? o tBkOMd ¢l ttsjClsdtttss O
ftcj HasteC Bls Yj dzZstcOdz! detsj Bj flsts L Odzd 3G jelsf:czts g j g % |
FHtsodzjlsostews h jers folstejBdsmiswd fsd Lise Olsj dzj 2

OdzOdzdL, ftesjClsdesoOdedj, tj OdzdL Oyds d + CMmf dzzOols
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VIL{ j 5 HEdOEEH @' O&BH ydHms OV CsdW j toj dzyd v

1 Oftc@odzj dzedj CcRAW BtedzgOydsdzdziojzL B Mls OaEd &30 Is { iz
B Mists Mmtcj HJ sBtcOL 59 Olsj dz' dz' ~ ftoesctcOdRRdz 09 ¢
or ydmdzdilsj dz' dzgOw IsjrndzedSO©e: 09.03.03 ¢l ted$ dzOH dzO
09.03.02 cRAWBSEBOYddedz' § MdMmisy d3r] dskrede Ot dztizts §
ftosctcORBB 1 Isdrn dz2Of tcOo dzj ded2 o € dz¥ yJ dz' Hd Myd{ dzd ¢
mMdMmMiCgke[ jssH'  MijHMsea O fotsj Cisddtses Odzdw d daW tste

ltesW i MMdsdzOdzr dzr | MisOdzH OtelsT sSOCyj Bitej HJ dzw e |
sB d&zOMmls d d degr tsate dz Anyfdridsdg 3, sB dzOH O8 h d R ftosj CIsdz c
ftotsW j MhdtsdzOdz! dzf 7 MIsOdzH Otclsse ctelzf - 06 cdowL!
sjrdsdzsedde [ ddedfmlsjtemMlsa ©® BteOL s OdzdY d dzOEEC
zOf tc ©o dzj dzd W 3, Mtsslse j IsMmise Zenhjdvds j dzf wasdls i i d o dzGf dz!
1tcOSIsdud MSd Hdzw oMmjnm dOfOodzj dzd?2 YtsHEeBIStS Cd Kk
(06.001) d Mfjydodzdmls o tBd&ZOMIsd ddW stcd3OYJ tsda
Yyd dzZlstcOdz! detsjy BB Mists L Oded 3O Is IstczH Oy d & dzazC Ay d if d f
(06.015) d s CIsdtetso OdzdwY fJtesctcOBRBBdsets 5B MY J§

ltedo J HJ dzdz" J H Odzdz" J fsHIse jtoy HOE Is O¢CIskzOdz
sted j dzsdtctseo Odzdets? diBj ssHdSd Htoj f sHOo Oded™w HIMydy c
fdmls Jlde [

tdOdzdL OydfJ'Is @ teg ) tetsj SIsdetso Odedy ddgV sted3BOYd sdedz -
SftejHjdvjlmy jet MEjyd¥dss?. 1§ s iplSAias ydPdeWsts o dgefuf
sBdMyjuiddi, ftscteOBBdtsy B JMYJ ujdadd i IsHSOdgde', J ,
Yybsts ftosctcOBRdesj BBzY MfspiptclzHtso Odad W) dzg Hd. ddzj
cltctsjSCIsdetsoOdegdy ddaW stedzgOydesdzdzr = MdMmlsj e HEsdzy J «
{ MtsB j dedzts M ls ! tcj OdzdL Oydd HOdzdesets HftojHAZjISO o ok
MsMisOea O Ru, dgO CEUsupjicdzl®. Hy @XO,j IsdgOf tcd fB3j tc, © EZyd B
WOoCkdz sjlsORd ddzd oakZL OB f { Ctsdesadid yj mS dads -z ¢ dzts o
ftesyd Miptse, Ukt igEt Is sZjcddgdaogisH Ztcr e .

]l HOdgdzets?2 MlsOIls! j tOMMBOIstcd oOAgjfidsipwj dasifs'cléss dztdatf p ¢
toj OdzdL s h d2 ftoesctcORBBEZ ¢ tod$ dzOH dzOVY d dg stcd3OIs d €
ftoj HI EEZOEOjls Hjdjcdtese Odedj dLbEyjddw ¢ s tdjd
stcjBtsoOdzd2¢é (St sdzj dzls: dz¢#vd d ¢ tetsipf H OW )0 tc Ods
sBiMfjudddd), ¢10OL" HOdd ~e (Sl tsdzj dzls: H Odzdz’

St sdzj dals ¢l escteOBBdetsy tsBIMYjujdedie wOMMdy
Ptetso dzgv o kjndtsksedy ftoscttOBBdeso Oddy d Isjn

kot sffndd 7 20PY hitosOdek. ZBSvsv d3

2Auf [ o9 MdMmbjddi ofr Mh jets tSBOL tso Odzd ¥ dzff dgO Y | Is) 1 dzd €2 & tc I3E
shdets o dzOW sBtOL ts9 Ols j dz' dzOW ftosctcOBBO | Of teOo dzj dad j f SHCGC
dgdW stedzOIsdc©e. https://clck.ru/ 3Sxwtgq

SAuf [ o MmMdMmljdky orMh jcecs BBKOLBo Oded™w s v a1 ¢RAWBSKERC
shaztgOVY BBtOL 89 Olsj dz' dzO" fleSctcOBBRO |1 OftcOodzj dzdj G SHCEESIsStSe
mMdMmMisj 3" d birdsdasedde. https://clck.ru/ 3Sxwtgqg
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VIL{ j 5 HEdOEEH @' O&BH ydHms OV CsdW j toj dzyd v

sjrdsdtedy M3 Eotso dze OBz gOd Pigf v v L OCHOF s tcC
ftcOCIsdSed tjOdzdL Oydd OdzetstedIlsdtso . Ujndsdzsedw
dLEyOilsmw o HdMydfddd ¢l tsjClsdqtctseo Odzedj d daW¥ stec
LOCtjfdzvelsfpw o fJttsjClsdbgs @rls] Oddsasy i uf g &+ tf ts
tcOB SIsT .

ClsOf cltotsjClsdtetso Odzd j € (o dzj S Slsstc’ ~ B IstsH
ZOL " 90jIsmw ¢ ¢ dzOdzdL 4]d) {te®hfdEdlctsd Oazdlgy [o ¢ & dals
B ssHBB feseteOdrBdets?2 d dey J dad tadj . Is dHcliste OMIs[ 7 tc dif te2] HdxC
[1] ttOmMmislstej ddY &sHjdj?2 DFBted) GEFfs&EQddkE | s 66
ftej HEMBOIStedo Ols! dL Ekzyj dzdwv wWOBldzd ydz' » dBsSHJ dzj 2 dzO

SOC fwOoddts, o BibksHdUiMSdE ECOLORI?2 fBt ft
md mils j d&ze, hdesS s ftoj HMIsOo dzj dzdz" - ) ddzlsj tedzj Is g ,
fsmistetsj dzgd v twOL &4 Az, - S BsBjdz 2 HlzY MlskHj dlstso ff toj
v MbkHjdstss WttdddtolzjlsmMw kM2 yde Ow OMMsyd Oy
fsistfsgsdzH d Ot Odizd3, ftod 1 Istsdz MtsL HOdzdz" | MiskH j dzls O
CdkzOo dzsec s tjL kdz' sOIs ftotsj § IsiCe stistismd t@ O difdiekEsestdsO disipdg iR
Cslstster 2 wodwjlsfmqw ot dzsh jddidk eoeMmjir 1 IsOfse j ¢
ftesj Clsdes®@OPgsdSz. 1 I yj otjdBv, ©OLtOBBICO
S toj HJ dzj dlats 2z ji teef Ols j ozt dats, 2@ C Oy HBB O j
COMMBsstej d' tOLd j BSHjdd. JrHjdjdj {kO0fss
N dL dzj dzdzets ¢ 5 Isy@f SzQf fiftftadsdg'CL 2§ 37 j Iifljs s k4 teOo dzj dac

RMAatHW dL 9" hj MCOL Odzdzts@ 5, ftojHd@BI IS ¢l tetsj €
Hsdzy j dz2 WBted3dtetso Ols! mMw  dzO Mlsr € Mdzj vz h dR B dZO
ftosctcORBBdes? ddzy j dzd edd, Bzt sedOddL Oyd

1 03 tOMMd3OIstedo O sfmw Mdzj Hize h d2 dzOBBtIc BOL ST

1. 1tesjClsdtetso Odzd j sfmikh j Mise dzv j Is fRwtc d Jndzls ff te tf d3.0 dag
BjssHEBAESEJ?2 .

2. Ajdzrs ftosjSClsdesoaOdedjy Wodzw jlsfpw tOLtcOBBIEO

3. [BHjdzd, ©OLtW©OBOLT PO & wisdpdj B sl d®ls! i
2O COyHBAE {Ofj] NdLdj ditects ydsdzo fttsjSko. [
(https://clck.ru/3SxxA® . [ sH j dzd, (mtesjdedz j d2O SOyHEBAE !
Csdzlsj SMistsdz cOL teOB BISC (.

4, r dL dgj dedz" 2 yd € dazyejOdz teBOBlES!s Cffls jHisSO Yy d sdzdz” d3 d d dz

5. 1 OHOdzdwY Hdzw MlskH ] dzlstse HBdyder Wstedzzdzdtetse Ols
e Odzd L s Odzdz" ~ -tff @etg ls1dpitcte/ @ ds.d W e3dz H &g Qs def -flasdsydefuffy dzj
Hsdzy dz@ BrIs! BfftejHjdzjde dzgO 1 1O0fj o©" HOYd L OHOdzd

tf difmls!  dtsHjd MdMmisjdr S, JMmdd [ &Bsyjl B! dif sd
sldtsmdlsj d datss §4. bsydesmls

O
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VIL j 3 H IzdzOtc;tsH dz:@WsO&z@ln’nudztE]Q ow

6. t JLOBOMR 4 totsj Clsdets?2 HjWIsj dzt desfplsd (tcOL tcOB tsls O dzc
odJtedWdydelzj sy ftesctcOdddz d3 SBHEdR dZzO Mtsslse § sl
1 IsOf j .

I CdHte@mMmdzOlsted 0 O sfqw Mdaetse dzr § Hsted dedabtf] tc ¢ Otfiad
OdzOdzdL O desd@®RBFGC IS [ [/ 1) . ltesyd Mmr JLo/1 tc Of
ddzy J dzj tcdes 3 kZtetso dzj , 9 CBdzlsjCMmlsy BIlssHBASEedd F
stczHdzr = LOHOY JJ} wWeodw jlsfpw sftcjHjdzjdedj § dzOMmf
stejetsds | Oted3j dats d3.Mist td3piat B ls ealadp?j Jdag tefdaf 2 § SHAtSH " H]
sfdeseo ] dR BWL Odadetsfls j2 d h OB dztsdese ftetsj Clsdtetso C
toj OdzdL Oydd SktehmMO ¢l tosjSClsdtotseo OdzadV o de¥ stc 3Oy d ts5 dzdz

Il Ists 3yJ otjdkw, ffrls dhfsd L sOOEafv] fijfsdes<d
Csltster j, s ofMj2 odHddtsMmisd, MewL Oder ) Bted OdzedL

1. wlskzH j dzlsT 9odHWIs ftedowLClk ©OLIGOBOIS 90] d3F = ¢
ots obttets? yYyoOfmlsd f§jteotsets MmMj &g Mste® HdMydt dzd dz .
QzodzdL j, orftddvjdkd Jj M foREsh:s wi r¢CO UML, da&
ftosf OHOjIs dslsde Oydw dLEzyjddw ftojHB]ISO.

2. [ JssHdSC O orwodzjdgdWw C dzOMMtse d dAr BBWL Odad
HdMydy ddd, fslsdetste]j ydls dn tf " IsiEks zdzQ fdzisf) O dagitwL +
CdzofmMmr R Otlsdydes, vyl fteslsdotstej ydls fteddydf Od S
MCter Isr 3.

. Ujmnedztedui Med?2 ftesyjmMm ttOLtcOBISSd ftoedowl
Uni fied Process, ylt LObtkzHdY jls jcects f sdad 530ded j

[ dzv  dzd o j dzdldefsre Ofdee{tyB dzj &3 B dzO f tetso jHj dz20O BsSHIW

] ftosctcOBBRJeso Odedd h qesS s Jtoddzj dgv jIsmw ] W
tcOMMdizZOIsted o Ols COC Odz' sjtcdzOlIsdoalz ftetsj Clsdtetso Odad ®
Btsdzj § ftsfls® &3, UudbOj i3" B t5d ¥ tsHetg jtedg'd,0 O iste3Y to
or fsdzdgw jIsfqw B JjL t©OLtWOBBISSd d&sHj dzj 2, Yybsts Lo
fteddzydf Odsd fJtetsj Clsdetso Odzedw ftod MsLHOdzdd §tetsetcC
CetemMO ¢lisj SIsdtetse Odzd | d dz¥ ts te &30y Jf dzdizflzr A te ) H Mis d =6
shdetso Odzdzs 3z dzO fted d3d dej dedd toj W OSC Iststed dzG O. 17 dzO
(https://ulearn. mel), tcOL tOB t5ls O dzdzO W Csdi3f Odzd §
vded o j emdIs§ Is s d3-ts Hlmlay dzth dzdzORtEls G tc O BB tetso Odzd ¥C.ztcfg sz +
cltesj SIsdtetsoa Odzdwy dzO wLr Cj C#é ot otej 3w kyj B dzts?
tcOL tcOB BIsOls f totse tc O BNz ) mMtstslse jilsMmise d d ig] Istc J |
fjtojftotsj Slsdtetso Ols! ftosctcOdRBBder 2 CtH o fMtsts-lse j Ish
stcdgtizso Odzdetse s ftotsj Clsqdtetso Oded W .

17 dzs ftejHdzsYy jdes M tsdz L s0 Ols!  d3j Is sH tsIdts, 6 dgls t ¢
HOdzts o L d3tsy desfis! Mkh jMmlse jdedets EftetsMmisdls! s dMmHoOd
Sfdetse dz' § BESHJdzd OdzOdzdL O d ¥ tets gAOEd sy Bdeds'ds, RAtk )
Process (RUP).
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E dzOte ts H dz® e O&%B I Wzt S O € sdaW j o dayd v

Ajdz Hsfisde Oj cgOW ) Hd Myd{ dzd dzj cltotsj Cilsdte
sftejHjdVjlsmy BMotsjdedj B3 dzOBBWO L dzOded 2, dzOo ' § 5¢
fdzj Hizs h 5 IsteH&8or & WkdSyd?2 |

1. 1rwodzjdedj sy BSO Odzd 2 €

2. 0 dzgOdzdL Istcj Btso Odzd 2 .

3.1 OLtcOBBISCO Oterndlsj SIskter RrRu.

4. 1 OLtcOBBSO foslstslsdf s Ru.

5, ltetsj SIsdiesoaOdzedy d HJdL O2dz RY.

6.t OLtcOBtSISC O BOL HOdzdzr = RH.

7. fisddBdL Oydw tOBBSIST Ru.

B. vjnrmnddzseduiMéts] BiMfiuiddd StBHdttte Odedw  daC

9. vujnmndztdzse d U MSE 5§ waEsiElp Jsd ndedfjtc cB®©OHHifdr! Ry (0] t6

1 steWHBSE ftesntsyHiddY HdMydy dzdd fdmod dadyd .

dlskzH j dals T fsdzyosls Isjrddyd Métsy L OHOdJ dzO
o fsdzdgj dedztsy | T SCod3f Odzdj 2 (§Olsdey 6 v d3j dzmMS 56
1 OHOdzd j @©J dzpfQcfifiisrd , dz S tslstste” j of f sdzdgw 6 Isfypw  flskH j dz
sjrddyimMSisy LOHOd) (uv)) o'  sdzddg G0 o ¢ un)jthdsdony Jis
LOHOdzdj] dO MLHOded] OolstsdiOIsdL qtetso Odzdets?2 fyd Mils j o3

Ilrfsdzdzgj dedj ftetsjClsO MM j Mise dpviilslec)w. ol Hfajktdio tfivly
or fsdzdgw j sfnqw ¥ OL O AUP/ RUP ¢1 OyOdztse, O IsOyJ ]t
1iBBRABHd®Bs ldijlsdls:, vyt kyjsds 2 f dzOdz dzj o ¢ dzt
ftoesdLotsHdlmMY fteso jJtwoC O orf ff sdzdzj Jdzd @S g jj &ls d ta O ldsfigvy
2O ff tsflstetsj dzgdd Owlsj W OCIsss © oadHj UML HJOG tcOd3ds.
COYHBGEE MjkjMstt®, dzgjtsBatBHdE HAY fse jteCd of s
MovwL! HsdtOBRdetsets CtsHO d HABBYH WwBHME' § B fsH)idiss ©
LOHOYd, orftodd " jdBk j ftod ttOLtOBSISE] SOYHB2 dL |
OrHjdzjdgr 1 IsOfr d dr OtlsjWOClsr Hddvw O0dOddL O {tc]
SftjH]jdjdOo Hdmydyfdddo ¢ ¢ dodaddmnyd ff dddgq sdtcts JOod!
Ctslstster j ftsmawh jdrr tjhjddwd LOHOY, CGlstterj oM

fiLkd EOd dOyOd ds2 WYOoLk AU wedw,jlmw UML
Case Diagramststf dMr e OjIs oL OddtsH j 2 Misea dj o dagjDondani Mod§lsdz' L
Diagrami sftcj Hj dzVv jIs Mmdztse Otc! sjtcdzd deseo ftoj HA3j Isdes?2 s
dzd d3d , System SeduelnxBetcOPDalr asamsOd d3tsH j 2 Mise d j§ 1
fstseh jdd?2 KixHE odi Hdedipd MK SSdgs? 50 Olgj dzsdP j IsfigifyIs J
COS cyyteds 2 whgge.

10 fHjtotsds L IsOf j ftetsj ClsdzOw -ttt PMiH 5 dz &OIs
stslse jlsMisokzsls IsjodduyjmMStsiz L OHOdzd® . I dzk
W izde€ ydtsdzOdz! dz" = Istcj B s9 Odzd 2 , o smimtsL HOdzd § f totsn
1 4 sBEdsEMIis: orf ftsdzdzj dzedwv { Issets { IsOf O tsB EMmdztse dzj dzO

O
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dzO to ts H dz® e O&B I Wgzth) € OW ¢ tsda j toj deyd W

1 COS ftwOodds, | T Co®RfOddd Y nsteBzddtekztls Istj Bt
34.602 2020:;

1 Mtse toj d3d dzdz" | cdeSdy BRBj IssHsdzsE dd ftcOCIsd¢CL
stcj Btsa Odzd2, O o WwOUOKDP bBif stazpdedw ¥ stcd3lz dzd
o O0tcdOdzsso dMf sdz! L so Odzedw (Use Case), dzd B s
Story), Hdv tftjHjdjddy C(tktster n Heisalk nEigy
14 bislzjlsmy o { tsdzegidss'y j g B tetpgefcidzd dz'dzd fy dss H J
0o " € d MbikzHjdls §fsdzEyoOsls o fHtojHBII] ¢cddOdzdL Iste
10 obtstesdz { sOf ] s ClsdzOvY ctolkzf ff O FyEamHUBe] Is H
Case Diagrams) d BBfdmOdedy MmMyJ dzOtedj o w©OBBIS"T M
tetsdzv d&3d o Ac I r wodzjdedzr § ftoj ydHJ dalsT weo dzw e Isfpw W
stcj Btsoa Odzd?2. [Mdesodes?2 OCyJj dzls tcOBBIsrT MsMicj H SIS
tcOL tcOBOIsT 90 diis?2 MdMmlsj dds?2, HOo Odz L dzgOydad3" 2 toj L kz«
fiststetsdd3'mdMmlsJ
stejIsd?2 1 IsOf ftmowh jdz S dMOdede Isjtedzddzse f ts,
Cedzyd IszOdz! dz" n i @6 fmfg & & Mo M e | Di agram) . RHJC
or fsdzdgw j sfmw 5 Odzetstedlsdidz, tcOP]tec OB \SEBBHORAEE dIfztc jstites H
ftoetso jtodIls!Isoffigsiseorjvsandzj dedzr = ¢ dzOmMmtse Mmizh dsmisw d3
Cslsster » ftedotsHdlsmw o Myj dz2Otcdwrn ftej yiHj dzlsses, O
10 yjibojtelstsd +sOfj dHjdbsdidygumkydnyy BEDHl UG
ddz stedzdOydtsdzdz’ 2 - S&My ddz H®cadoor d Jtej yiHj dzlssadz. [
or fsdzdgw jIsimpw 8 hoOBdzsdkz: kv fjttOydd, ftojHEkzMmd
lLOddisHj2 MG j yAej dels d dzdzs mMistedtclzj IsMw HJd OG tc O dzd3ts
System Sequendcdshirag mamdis) BdDOWE s JtcOydw lssB O
Actor ¢ fgdMmlsjdj. 1tjftsHOoOljd ftso jtoWwjls Mstsls
ftcj yiHjdzsO d MstsBh jdd2 HJOCtORBRE  sfMdzj Hise Olsj dz
[fdMOdedzr | {sOfr Mt 2 6 4 o fAdHPdv Isfifwts loe jWIsT
1 IsOfkz ¢cddzOdzdL e. | Odz dzj 2h OV fftesj ClsdzOY tcOBBISO B
Twisr 2 1 1s0f ftsfmeowh jdz tejh jdzed® L OHOY 1 8O0k ¢l f
Hdzv tj OdzdL Oydd Mmdmisj dzdzr =« WEzdSyd?2 Y& oOogdy sO&OH
1 d sfdim" e0jlsm¥ oL OddsH]2Mised] &ixHE ddd3d. ¢
UML CdzOmMmtse tej OdzdL ©Oydd (Di agram of | mpl e me
ftcj HMIsOo dzv j Is f tets¢ tc Odgdzdz" 2 CtsH f tod dztsy § dedmv , Is
gdzls j teW j 2 Mde" = s jteOyd2, O OCYj ObtedBlkzlsr (ftetsfh
[ Odedz" 2 1 IsOf or ftsdzdgv jlsfqw o HO® O h OcGO. 1 jtoor ;
sBi j GSlcdfy dzls Jtetso Odadz” j] Hteddztsy j dedwVw Mmsmistswils dL B
ftod dead d3OW odsd] fipgtmdrd fid o' f sdzdgv W Mo tsd B WL Odedatsfiyls
sBi jCIsr, tBYLOddesisd SCwlstster » tsf toj H Jl:deformatigpnr  dzO
Expert, Creator. 10Ld&Oyjddj tBWL Odzdzsflsj 2 o5 ff
h OB dzts dzO d3d GRWASPCoupl ing, Hi gh Cohesion. ]
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' Z dzOtctsH dz@ e OB I Wdeth) ¢ OW € tsdalt J

4 dzyd
CR AW stcd3O Y d ts dzdz" 2 L e Jelsé Bsckzls or ff tsdzda” Is ¢
fteJ HdBBj sdets? B dZOMIsd (tojL kzdz sOIs 1 sOf O 3) .

g jydWdydtetseo Odedwv dzsedCd oL OddsHj2Mlsadwy B
or ff sdhglgw jols deslsOydd HJOctOdRBB UML Communicati on,
AdLdzd, O idhpts ipjhisjtdd ™ a3, § sMdzOdzde” 3d dd3. SO HT 2
¢ zOMMO.

10 olbtstetsds " Oej MmtesdlsmM¥ HJOCLOBRBBO ¢ ZOMMEse
BjssHOHOdM j jeEts 1CLjRfdvteOoRd d&O ftjHM HEZM j d3
LS i3 dzw el dfdzffgitsied L ded) . 10 fshdjHd & O]
odHdisMisd, Stk j tBiMfjude O0fls MY sthesis daslls ¢ dzc
M dzOIs' fmqw dzgO dzj ¢ 5

ZjMmlsts? 11IsOf LOC dz¢ Yo,  smv-sted | RIOd t®s Bdzdety 2 tStB &
MstczClskztc® Ctlststes? Mstslso jlsMisokjls HJOGLORHB] ¢ d
fMtsL HOdgdzts?2 dzO@ ftcjHMr HEP jd&3 + IsOf j .

[isHdCO CEZtemMO HOjls oL ddsy detsfis! CHfctOEIsasc v
sBj M jydddv, d&OyddzOwvw ls or waodzjdedWvW ftsdz' L 59 0Olsjc
ftosiClsy MlskHjdzls o fsdzdzw jIs tcOBSISEZ, ClssteOV sl
mMdMmlsj ddde" 2 O0dzOdzdIsdS, HdLO2dzjte 1 [, HJLOPUz] tom B8lOL
OdzOdzdL d ftetsjSlsditse Odatftpd § tzhf ¢ tiztizg Ertizcdzts 2 sHic j 6 kb dzts dz
LIssds Sktefmj ddzy jdzjtedzr 2 fBSHARBH HJSSBYSLdYdd L OH
ddzS toj d3j dzlsdzts?2 d disj teOydtsdzdzts? dBsH § dzd oysd Ld3iz dixstidst
dMf sdz’ L s9 Ols! 1l sfrls o ftosWjmMihdsdOd ds?2 tOE
or fsdzdgj dzgdd HJ§ dzs3dets? tc OB SIsT .
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T compose(other): or 33\ mhdwj Gdzd sy st shyigls O dis o €
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3. 1" ydmdzj dedj ddzo Oted Odzlstso :

T mu_function(expr, #faCdeatOlsyazr ) o rlsatéEigdosfivd edx
fjtoj dgj dedets?2 target var. ¢ dzG sted Isid3 ndEOLxS(HW]asr ) d3 O tdnjc
fjtojdgdjdedz" =, ontsHWhdn o COdtsdedyj MSEkr L OYdMm: ex

T lambda_function_full (expr, target _var): €
f sSdzdzif IsCOL Ols s @E ¥ J kidgEODE iz da3 o Mtej Hd ©Hdztsydzj dat
O = k.

T l'inear part(expr): 9" Hyjdzw jls dzddzj 2 dzlz® Y O0fy
dzd dzj 2 dzr d3d tsH detsydzj dzOdzd ) .

4. 1teso jtweC O cadf jteyj desteOdz! dg" » EZMmdztse 2 .

[JdltsH i n_hypercentralcdld®Owed § adsinsa) O tstsazisteW 4
Zsz 1 OttOdijIste al pha dtsyjls Brils! yjdzr &3 ydmdzsds d dzgd
stcHd dzOdz ( 2O tcd d&3j &, " omega", "omega+2"). [ jlstsH
M jydWdudse 2 Hdzv C O HIISE s ddd v s fyflats o[Oldidz’ 2] =z0e s "ed ji
d MfdmtsS dOtekh j dzdz' 2 EMdse g2, vylsts HsBdS HZY

def mu_function(self, expr: sp.Expr, target_var: str) -> int:
BoiqucnseT U-NoKazaTesb d71A BbpaMeHUs

# MpueoduM K HopManbHoU gopMe

normal_form = self.to_normal_form(expr)

if normal_form == 0:

return -1

max_mu = 0
target_idx = self.normalizer.index(target_var)

# [lonyyaeM npedcTaeseHue B 6azuce

basis_dict = self.normalizer.expression_to_basis(normal_form)

for vars_tuple, coeff in basis_dict.items():
if coeff == 0 or not vars_tuple:
continue

# Ina kawdozo 6A3UCHO20 3/IEMeHTd BbIYUCNAEM [
element_mu = 0
for var in vars_tuple:
var_idx = self.normalizer.index(var)
i = self.n - var_idx # i B obosHayeHuu x_{n-i}
if 1 > element_mu:

element_mu = 1

if element_mu > max_mu:
max_mu = element_mu

return max_mu
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B I sBtcOIlsdls! fmw LO twpjddzB8e gC k¢ § fgdzdzj G HiS9 j to
(https//clck.ru/3QShzh . Clsd HOdzdz J fsHYyY ¢ doe O Is, Ylsts R
d dzimlis oz d&3j dzls ts o3, O Ctsdzj ydzgze IsiyJ dgC ENs&SBy j BHEsOJJ B
ftesj CIsO sBiMmMfjuydeaOjls CoOddW dydtetse Odadz” 2 d dgy J dzj

l "™ 9tsH

RMisd LsoOdzdj RR SOC¢ Ofmdmlsj dZs0 § e tcOdd
fslsj dzydOdz Hdw fsorhjddy COyjmMse® SCHO d EMS
gdzls j ctcdtotso BdedC g Wri®], IsOCdj COC Cursor, Windst
LO ttOdk¢d ftosmistsets OolstHEY sdzdzj dad v , ftej HsMIsOo d
ftosj Clstseo, EZftwOQodzjdzdw LOHOYOBd d OolstsdiZBOIsdL Oydd
Yls ts B t5dz' htofOdzfitdsestds Is y d € tso Zy i-ddzfhte ¢ tBisgedzis s, R BIs d3j 1
ftoesHECIsde desMmisd, Mdedy Jdedd yYydmdz0 sh dets¢ d EMEtst

l &3 Milsj M Isj o3, dmf sdz! L so Odzedj RR Msftewy j dets
shdBCd c¢jdzgj eOydd €CtsHO,2, ¢ dzO dzdzsdisfsdg®gid df éic d o3t jlsdzjd f
O SOCY] dzjsBRBHKBEMS! EftwOodjddy StdlsjSMmssd o
RR BMkOYIsMwyw oM sdi3tc Olsj dz' dz" d3 ( dzflistcz dzd dzls ts 03, 0]
BJjLE OMmdesils! d Mmtstslse j ldijlfolsdd d€jtsiHd@s i) Bus od@dadjwCds .

O tc 5 H dz® s O&B I Wzt S O S sdz¥ j o dz
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ljtemyf jSIsder - ddzlsmRr o Cdz¥ yoOs s M j ydodzdL C
Gz tsS 8 ddesj etcOyds f sy MO t©OLtcOBBISSE d,
Bisdzjj OCkdodesj t©wOMYtejH dzjdedj totsczj & eapialz) dgj e
BkHils dzj LOBj dets?2 tOLteOBBIYdS Iz, O ditsh dz" d3 ( dz
MesmMtecj Hslstsydls! Mw dzO ke tsteyd MSdrn d Mdzsydr = OMmf j ¢
d SO0Oyjmsess dzOf dMOded™w €CtsHO.
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O dzdztsls Ay dipls Ols! j ©OMMd&Okicdo Ojlsfw 1 osd® ydv d M
OV dud mMeédr (WYMo stG&Pddw o ydmdzj dzd?2 o

sj dzdzj S5O d 5Oh ddzdzsc s SBEYjddw. [fdMr 8 Bllshw
sWodzj ded v fejasetls 3B 2 2 HE Msotj djdedzr & e udMh
jdzl stedgr 5 VWHBOMR]. ) v fdEtslids Dsd d KGPUS b © d21s ji
f OwOddj &z d¥ 7 WYHjte, djeOendw §O&YIsd d &BsHj d
Bd&OGKHOKY {Isdd e j ddsfsvdd GPU HOsk L dzOydlsj
sBlujddd d ddaWjtej defyj dzj 2 tetsdedz o dipli SGRU . ¢ 5 BffiidOond
OCkkzOd dz j i ljdetdtljddmyidedfs e Odzdz’ | §tescteOR®B j 1§ dzOIs Y
M jydOoddL qetse Odede’ | Of §f OeOlsde’ j] BdsSqd (5] doL ©todg
GPUo r ydmdzj ded?2. | L OSdzs yjdedd HJj &zOs kiwj tefth jsHls d 8sO
HOdZ dzj2h jEts ©OLoadlsdw of ydhmddlsjd df 7 kEfMSstdls  d

sdzé yjor j clip@¥al@ MSd2 fesyjmhste (GPU), §OLOd
sBlujddj, daj 2tsdedzO" fjls!, CUDA, GPGPU, Isjdza 5t

RMMststedw GPU d o' ydmdzj dzd? tBh jets dzOL dzOy4d dzd v

]l dzOyOdzj SE&K o bgodes?2 ctcOWJSd yj delstceOdzt dzgr 2 ff
or ydmdijmids/ W sBtcOBtslIsSd IsjEMlsO Hts c6jdzgjteOyYydd ctcOW
gdzls j teW j 2 s {§ tslstcj B s OdzOMy! M J ydodz: dzOv Of f OO
Uni t) B' dz 99 HIWD Nk Afted o f mMC J TofdjHtgotdEctide Is
BOMMseo se s EMstes2Miso ©, o C(tltesd Of f OtcOlsdzts toj O
d Htizcd] -6 jlsdeHfj eid@EDPIs | CIskzter odHJBCOtls fsMmisjf jc
fsLosdve hdj dMf sde Ctso @ldzv d¢bg dzeizj tolf dzc O, des d H dzw
Clsd ddedeseo Oydd fmHj zZOdzd GPU Btsdzjj bkdzdo jtemOdz dar o

sdzs Yyjordz 1 sOftsdy3 MlsOdzs f swWodzj dedj o' ydfmdzj dzd 2
ZOyodzj- 266 o dimimdzj Hise Ols j dzd i tsdav dzd , e s Is r
Mots2Mmlse j dzdzr §| GPU, Bsy dets M sdz L s Ols dzi s tsdz
ljtejtstedj dzZsOydqwy GPU dz0 or ydfmdzj dedwv tsBh jets dzOL dzO°
fsweodzjdzde wL ' Ctso d f &zOW stedz ftoctsctcORRBI tetso Odad v
L Issd3dz Otrdlsy SIskztedz" 2 ftslsj dzydOdz GPU MlsOdz HisMisk
Isj ndzd € d.

g Mjtej HdRlzr GRO 0 @®OyoOdzd ddzlsj ctedtetse Ols! mw o € dzO
EmMCtstej dedVv sH j dzdtetso Odzdw d OdzOdzdL O, Yylsts 4 sHlilso
o' ygdidedzw d@3 [ 6] . uvOC, © 2010 -&AHIg-GSEUAfES] @ digd fiNSy
LOdW dzO or MsCdj dBwBIMSO o dBJtesotsds toj2Isddecjy TOPS5
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Summit (2018) d Fugaku (2020), dmftsd LsoOdzd Is
OdasdlsBse. Clsls sf§fr knf sl azftgH ddes:L o R jIs HEMIsd G
CPU tsBi Yy d@3tse orf ydfmdzi ded 2 .

letste”" 9@ o Htoddzgj dzed dzdd GPU ftesdLtshy dz i ttOLodls
dzj 2 tetsdegdzOw Mmjls! Al exNet dL vdzdoe j temd Qifmf ¥ultfOdfls
dLsBtOyjdzed?2 | mageNet, dmMfsd Lkzv sBkYyOshdj dlsj
12 9dH]jBCOtls NVIDIA HOoOdzd IOSEY yj fHtwtsdLotH(d
HECOLOdzs ft0OCIsdyd MSEy yj ddesmils:  GP Uf s Sesdsydj ddis|fiy
B Mvydeo HB dzj MEBsdz Cdr Hdzj2. & Isjrn ftste dimmdz HS
ofmy OCIdodzj j tstfod ta@ifiiwdeddzO GROW dd3 BB tOL B3, GP
ELSCtsM j ydodzdL qtetse Odzadz’ = CteOWduyd MSdn Zin@zsdzd &3 oz
f zOIsW stedzOd3 Hdz?w L OHOY RR [ 5] .

dbterndlsj SIsktcO® d fMtse j dzdesmisd GPU

Il thdtsejy GPU dzjydls fteddzydtf oBOMhIsOBdsets ff Ote!
MsHjtY Ols dzgjBBdz hts] Ctsdzduyj Mlseots Mdzsy dzg" = WHjte H
Mesmissdls dL el dewfgalfls jloz s § esfils™ = o " ydmdzd s
cteOWduimMed?2 ftwsyj mMmste cwkzffdtelzjls 1 Isd + dzj d3gj dzls
Streaming Multiprocessors &k NVIDIA ddad Comput
ALUVW H jtc tOBSIsO® IsB @ el lc'salgtias, ¢ o sdzdz' € H Odzdz' =, Y ls
S| MD ( BHdzO0 Tidisdpletel ¢ wpdzdz" j ) dadzd Iktsydzejj SI MT (ft

JteOWduijmMedy WwWHtO wflddidL dtcse Odz HdzZw tcOBTfSIsT
sf jteOyd?. [ dzv tsB tc OB 5ls COs tor| 5)dz’ tdgfdm=  domjf CHliis ta 7o Isd G d
f ORYIsd. 17" MistesH j2Mlsozef ORY IsZsC Qdzh dz®e d d dzag m&rl y)
BdzsC Or d Mdzey dls Hdzw BB 20 HOdzdzr 3 By HEZ §slsts
CdzsB Odz! dzts?2 OBV Isd @ FROURW(ISGDD Rp rdighiE{F dsiB Mf tetsf 2 ) € dats 2
(Mslsdzd e deOBO2IS 9 MjSkdHE). 1 ZOGBHOKWY 1 Istsdiz G
fOBvWIsd: ftoed BYJHOddd HOdzdzr = BHJdz dzOBtstc dzdlsj 2
Htelze dn .

dtsotej d3j dedz” | GtwOWdUJ MS dJ dAfste tisiHi] Metsjt@'ls  Htdf ] taydfdacfd
BdzsSCd. uvO¢, dzgOyddzOw M Otrndlsj Slskztels j ddotdte dx'i j( 2WOHLE
Of § OtcOlsdzr | EmMSEttcdlsj dzd BOtedyder = i jtcOyd?2 (s
mdztsy j dad v , FMA) . U daL stedz | W H tc O dzd LteCOERM  ¢f s Q dztzfr
(FP16/BF16/ I NT8), ftLodvsl o' ftsddwWls!  jtej dgdat
sBiMJjudeoOdls L dOydlsj dz@ dz@ 2 ftedetsMmls MEBtetsMmMisd Hd
WHteOdR3d. ¢dOtsecdydzr J Of §f OtcOIlsdz” § k PCMDe dds jldodt efl tsw
BdzsCd L dzOydlsj dzv des Efmddzdee ® (MdddzH O Wz dzts § d £dd D jA
LOHOYOr dBOM Jdzdztse s tsBlZyg dad w .

vsO0Cdds sBEOL R, OtndljSlkztce® GPU dzOyj dzj dzO dzO
o’ ydfmdzj dzd 2 . 1 &ZOGEtsH Otew Isr My yCeds Msig s, f v deg?2
M smMsedesMisd GPU o ftsdzdgv¥ s ¢ tesdgds | o ydmdzdls

O
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f smydls ©Odzd fiy! B ' Mzdh Csd3 L OlstcOls dzr d3q . ClO ¢ tsdzMmls
f sdzdets? RBjtej LOHj2Msotso Oy HOdgdz | cdzkzBtsSdrm fMjls
GPU © LOHOYOR dMSkMmMmlse j dzdetse s ddzls j dzdzj € Is O

b dze sted Is A3 dmSemMmise J dzdzse s ddzlsj dzdzj € Is O, sMsB
ftocso JHjdds d3de®dzd g B Al Rifadsd -~ s jtcOyd?2 dOH Stz
(lsjdaL steOd3d) . s dzOMmMafigBE d j o § t3ef g3ip b1 2l S3dzfgy b dzd J
toj Ctotcj dzlsdzgr 7 d btcOdhW stcd3j tedzr 7 WBSHj VA, O ISOC Yy
odMmse. 1My LiIsd or" ydmdzj dedw JjMmilsj Mlse j dzdz" d3 BB LOL
BOIsted yr sy dets EZd3detsy Ols! s H dzts o to jindf jdalzdzty .tc j rf dijz dzqizth) Isio

SOYHT 2 CteOW dyj MSd?2 ftoesyd Mimtste dwBsy jls o' § tsdzd
SHdsotc] i3] dedes ( T @I M BBEC BOF ZEOBgHsdE W ddz stej , [k dgdets
fsHmyYIls etOHdJdzIsO d Is. H. ). ] LOHOY®AL tsm,tkdg!j g
ftoestf 2MC dzze MY s desMmils! 5 McOodzgj dzed® M CPU, ¢
fsmdzj Hs9 Olsj dzt dets ddzd Mddz! des BGeteOdzd yj dede” BY s
dzj MCtsdzr €5 dMMmdzj Hs9 Olsj dzt MEdr C tsd3OdzH tsistelg IsERIA :
¢ Otels fsLodzY jlIs HisB dIs+ Mmw Mtc 0o dzd Bs 2 ftosdL o st
L dzj CStetst dzgjtcedd d LO CtstslsStsj otj d3w.

l tesCteORBBAROW 1 Csmdmisj 3O @9 lydfdndiay didwH H N Pd @ I
f zOW stedsz CUDA fp BdBdzdtslsj ¢ Od3d seuwzDyN NzdWH dzvf tstu Btk
dzd dzj 2 des? Odze jBte' ), EZftotsh Os h dqisd OBl M dgj 2 tefs
dztseor 2 MIsOdzH Otls SYCL, sBiMfjyde O hdj f OtcOdzdzj dz
GPU. JrmsSCsktcsoadzgjoar j Wit 2 Fensahlol, Pytdzzehs, ¢ s@isf ftses [z
cdL SCttsBSCde kEdRjrls EMEtstwis: orf ydfmdzi dedv dz0 GP U
ZO ftede" ydz' = WL rCOR (Python, vA++©®) o @ tsteAfidy ¢ dgd 1d3P
sfjteOydd. 1 zOctsHOLY 1 Istsd3igts Higedizj\pj digligtofinff’ dhdey j tdsjtsd
M jydodzdL dtctse Odzgdzr &3 dzOB sStcOlststedw dz, des d "N dqtetsC 53

GPU hdwtsSCts fteddzjdwe sy COC Hdzv BLRYJ ddv, Is
HOWBQ@ dzlsteOr Btsdz! hdj dBsHjdzd ( d2Ofted dizj to, IstcOdzmW tstcd
MslsGRW, MjHddy dade' » o' MsC M stesMmisder &3 " d 2O |
tcOB IOt Is HAt e teigolg WO - SHWh da HOdgdzr =7 9 toj Odz!
toj ud, ColiBf ! s Isjtedetsy L tej ded toj C tsd3j dzH Ols ji d&'lsdzr j
deskzlsBZC ®o lstdggsB d dzj 2 1T d ts5WHacdsddzsfig o Mistets j dedz" § GPU
sBiMfjydeOs hdy dsCod dsy EMSttjddjy Al . 1tdddt
Hdzw totsBtlsse d ofmlstetsj dader = Al i3tse d dz' dzr § ftots
EmMCstedIlsy dzvw d3d d OdjddzL (=t dpd mpAEAEIS ¥ sdzO~) d tsB dZzOY
GPU (deOfteddsj e, AWS g fj d3482 fiyflson@aizd) .P4, Azure fy

l twjLikzd sOIsj, ctOWduj- ot Bisqdn®ist dis@dzd o
LOHOY o MW jteyj RR. Rma GBOMMtsolds | otc Odnaf de@Cjls tefotsia] adas g
sBlzyOols! Mdzsy dzj 2" dJ dBsHj dzd BOh ddzdesects tsBEZYj dzad v
ftslstejBdlsj dz? MSdJ GJteddzsyjddw, vyt B &zt dzj 9 5L d3ts )
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VI { j 5 HE Ot sH da® e O&® i ygzti C O

vtsotej d3j dzdz" j Isg dzv j dzyd d

LoV dudmedy fJwsyjmmster f§tetsHsdy OF Isls ter) "Bfigisstdys o
dmSkmmlse j dzdesec s ddzlsj dzdzj € Is©. s O3 HB] dsoats] ¢ d
WHite, dsolkr BJCtetsOtndlsj Slsktck d ttOMmh dtcoj dader | Wk
co¢ NVI DI A Amper e (2020) d Ada Lovel ace (
o ydmdzdlsjdzt dgr = wWHjte d GBI Y B@Bse ORI, Ykt dzOf t
oL i3y detsmilsj 2 HA&zZYW RR. AMD ftojHMsSOoaddzO EMEtcedIsj
HBM2/ HBM2e d mMtse Mise j dedz” d3d BOIsted ydz" d3d Bdzts ¢ O
0 dzts dzfi) d tetdofrfXdid) Is dzlz © cteOWdSE MmMjtedd Ponte Vecchi
hj2Hjtctse d YBHHjY (2 EMEstejddw RR. 1 € tsd3d3j toy,.
2O fteddzjdzj dedi Al : IsO¢, NVIDI-AH&EBIscOd Ols s O dztc
d Al), Od eAdgiD] OEGL 8 o9 Oj s f &zOlsdsmdmdzRGENh o dsls
1 Csmdmlsj i3OA .

l Oy de" &3 toj dzHisds MisOdzts ftsor h jdadj btsydesmisd d
ftsHHjt) o O Is 9" yd mdzj dzd w l oL dzts? Is8 ( dzidd) e3¢
ojhjMmlse jdeder &3 ( FPBBE REHY sEzP1 &5 IsBYF 16, | NT8i, O o
HOYJ FPRBJIgdzd] 4ftcj HMMIsOodzj dzgdvw. Clsts ftsLotsdzv jlils f tso
EmMECstewlils: wsBERYjddy d ddaW j toj dzlp, ©OC COC Lkd3j dz' h
WHtcO, f§to] HdzOL da@ayj ded@Cid nd dsjfdepdetOyd 2, d@sckls o' f tsdzd
Yyd 3 sBr ydzv g cOUDA

1 OtcOfMlsOj s BOMhIsOBdiolkzj di3sfmis! MdMmisj 3. [ dzv tsB I
o MsCsMS stetsflsdzs j ddelsjteWj2fr: NVIDIA NVLink/ NV
Mlsdavjide WGPU Mtseo d3j Misdzes tc OB sIsOls! dzOH BHddas?2 dBSH | C
HOdzdzr 7. U j R dzis i@t GjoRlf deitadsiols GGPU ( MI G 2 NVI DI A)  HC
sHddz ctOWdyujmMed2 ftesyj Mmtste dz@ daj MStsdz' S5 o delslz
tcOLndz” L OH O . Clsts tOmMh dqtew jIs cdBSCtsmis! ftcd f tsfmlist
dzj MCtsdzr S dr d3tsH j dzj 2.

[Hdzts o toj d3j dzdzts tcOLodo O] Isfyw ftos¢ tc OdBzdzdzO W d daw
ftesdL otsHdIsj df'daleg fiplg dzm®@P J swW o ddzd ! lsddiddL Olsster €
Runtme Atcj2d@BoatsteCd ofpy yohj OoaltdikOIduyujmMed tOMf Ot
H Odzdz" J fs kMmstets? Mise O. RM sdz' L 8 Isfqpw 5B dzOydz' |
ftsdz L tso Olsj dzs6 dgj dzzy des zOMistwcOE B Oste ] Haf gzi B sdzj § MA

stesdsd QPR Hf,sMisj § § dedets Jdzlsj ctedelkze IsmMw o GdBtedH
ofMlstcOdo O d3" - f zO W tstc &3O f sw o ddzd fi! 1 dgj e s W W
dzj 2tetsdedz | Msftetsyj Mimster , yYyOMmlss dz0 Eisdptf 2dzj § A dzis>
Md3OtclsW tsdzso 9 ¢ defLyfC tdso Ofiydg" Yy CHodz% § 66§ ezl ® ANP U/ | SP)
CtodgmMtsdzd d deskzlsBlkSd dMftsd Lzl dBshdr j HdMCte] s
sjrdzsdzsedd +Isd Ctsd3f sdzj dzlst BEZHEIS jhy BBdij Isifm
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ltejddiizh jMlsa ®© d BeteOdedyjdzdw GPU

LoV duimed) f(osykmhtswy §eg dEBz0Y Hlso, (s’ j
SBWLOIjdz dzr &3 o' Btstotsdf j oL DOHOGE:ET BB, Mflisydo O Is
or ydmdzj dzgd2: tOMY OtcOdzdzj dzd @ OW Isr Mw yd §fjttOyd?2 (
GtcOHd Jj dzglstse ) , GPU HO8 I { tod teHsjifilsV IsfStals (L@ st s Az dz
MteOodzgj dzgd®¥ fp CPU. Clts tstsBjdedets Ctedilsdydets fftod B
HOYJ o dgjmMitsdz S5 tOL MsC tc @NICjtdy Ro, to j1d§Wis fy dSiifilst]j joteod
Anstesh s tOLoadlsO: Mmkh jMmiso BAlslsc ] § d 3¢ wdthithly O dzda’BjL A
sOCyJ Bd hddemlseots Wtej2 Bostclsea cCcdkzzetsitses GBIy
sBdzj G YOJjls ttOLtOBtSISCE d eodzjHtjdzdy . 1 OCt8dzj y, GF
ydy Mmdazyxdls d Hdv My ds?2 ¥ ¢S ¢tplzqdjHd™ . o ydn

[HdOCts E GPU jfMmis! d tetOded yd dzd v . lted B©BtC
BOMN IsOB dgf ZOBRWHtcBO~ Ctodlsdydes Eydlsr 9 Ols! ot tesmr
Yylss btejBlzjls OHOfIsdiese Odede" = ftetsyj Hizte B J L 5§ Ofmdat
fslstcjBdzvels dRdesets { dgjtecedd d Istcyjlstzs e j dedf & ds@ b lslztst
d oL dBjter MdMmlsjds [ 3]. stetsdzj Istséts, B©BI Y d&3 dztsC Oz
(ddese HO ftsis dgv d3d ) cdeOBO2Is: syd dz Bsdz "dj d3tst
fsdzsi Misdls' Mw o odHj siPidwdsj tgr IsdcdgHOs CHOE M IsGRIU ¢
st jtcOlsdoder &3 sBI ¥ BOd3. wlstsdls tslsdjlsdls! & daPlints j BB
stcjBlEIs Mfjydod dzr = dBwBjte L OMJIsr HOdzdz" = d Ikt t

BJLE Ontzgifdzd s dz¢ dzts?2 ddeW tcOMlstezCIskzter [ 2] . hy
fJtcjHOYO HOdgdzr = d&B3jy¥HE CPU d GPU: jMmdzd dzzy des vy
ordeterh 0 s Mestesmisd dsyjls dzj B' Is/ . s tots d3j

tcOMYf OtcOdzdzj dzd ©® ¢ Isifisc:d C Ozt dz j Iso dzj ded W sd ddzd dzj toj «
f sdzdesmis! ¢ dMmMfsd Lkjls OndlsjSlskte GPU, d o' dcte
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¢ dzdzts s OyqdwoL adisd J CoOdzstsora Ctlif! ¢t Isjtotsoy ka6 te
hqWtetsoOdedw. | 2024 cetsHbkz NI ST Eklse j tc HKEM(Kfbgrjco r |
Hdzv B d&3j d&zO DRAYFB®Y,l | MUDISAM)( SPHENKES+) Hdzv §tsHY
feso JHY dz dn 0OdzOdzd L , McOodzgj dzedJ M RSA d ECDSA
H j ditslsizc Oy d s dzdzts § ftod dztsy J dzd 4 , fSHIse jtey HOs M j ] it
Odzc sted s Bts 9 .

sdzé yd o' J Hids® OO dzIsse OV Cted( Istsc ekOWbdevr,, Nd RSYTS T AC
Dilithium, SPHINCS+, CtodfilstsctcOWdw dzO tcjhvIsC On

1. JojH]jdzdJ

g4t5L HOdz] J CoOdzlstsor n C gdstf ']y Isigtsts s oz 6 tedsts) YOJISIS fiff) t
Ctedf ssetcOWdyj MSddzs M smMse Odz L O dlIsr d deWV ste 3Oy d ¢
dmf sdz LEjd3" § Hdzw L OMdlIsT H Odzdz" =~ , By dzts BLEZHJ IS
CoOdzlstsor § CodiRf+ s Isj ter . r hy 9 1994 ct@WlEzstalsy to
Odzetstedlsdz ¥WOCIststedL Oydd BBd "dr yYydmd dz dzO f tetsfmlse
Cedgf* v Isjted MudksoOjlsmw IsteHtsy BZ3E 2. [ detsedj d3d IstsH
mMzsy desmisd W OCIktstedL Oydd Btdz hdr ydmd dz, Bse kzls
vszh Mok ls d HkEed] Odze stcd Is d3" Hdzw CoOdzlstser n
ftseote d3j dedz™ § MdMmisj d3r M dWietse Odad ™ . CE¢Mmyfjwls My
mMfsmtsedz" § orf ftsdzdgw Is! 1SOC dJ L-10FH Odgidls. ditsts sy Jjf tsfy jo2dq
GoogleedzwLj@ s ¢cCoOdzssotsdz ftoj otsmMatsHMmise j é.

ylssB"™ LOMdIdls: ddaW stedsOyde ls EetetsLt Mt Misstet
BHEMjcets") , Pyy dz@ § t©OLKOBOIST 908 Is IsO¢ dzOL " 9 OJ
Colstster | dzj oL Bsy des oL dzsdBOIs! Mmoff BigBizN ¥ B 8 Odzlsts o
2. [ kyhdd tomMsCoOdzlstsor j OdzetstedlIs d3r

] OQoaecikmlsyj 2024 GEtSHO 1 0ydqdzOdz dz" 2 ddzmilsdIlskzls
Flso jteHddz SOS 4 d3dd stsHT :

- FIPS203 1 Ists dztsor 2 M smse " dWtctso OEEM (CRYSTARSSter 2 ¢

Kyber) [4].

- FIPS204 1 Ists Hfpztesfig®B h JWtectseo Odzdw , CBSAERYSIALEZOL " 9 C

Dilithium) [5].
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FIPS 20571 { Ists jhj sSHddz d3j IstsH h W tctso OdzDIA C sl

(SPHINCS+) [6].

l " Btstc Odzestedlsdizsceo ftesdmMrsHddz dzO C tdeS EZtofdes?2
COYH" 2 dL dzdn.

2.1 CRYSTALS-Kyber (ML -KEM)

dbdzestedisds BB M JydeOjls BJjLEST OMdz 2 sB 3y dz mMmd
MstosdzORd (fddiHtbsdf MRz ts daj L O dh v dzdzts A3k
fesmMisCoOdzlstso OW L OB dzO € dzO fmdHhejl il Sndads  fdtc KiGCHHE dodi@R Ok |
L dzdizdf sdyi mMSdrn Ctedoer n.

dlss2CsMmis! OdzestedIsBO Moo ®@&Qd dzbs ik dzdzs My d k&
BsHEzdz dr 7 toj " ylststEh j( MLBVEDB to v HOYJ L dzOwv f kB dzd y
Md e sdzi2 sdzoy yd mazd Is§ dz! dets dzj e OL HI (HZOYd A OHIOQEC
BHEM R CoOdlkssorn Coli3f:! slsjtotse.

Kyber orBtcOdz dzOizdfL @i:dzv toj OdzdL Oydd du

JHBsBtGjdzdWw NI ST COC dzOH Y desG 8 MISOdzH Otls O.

1 OdzOdzin B ¥ HE tWOLBjtesd Cdzg yoO d MEstetsmis: & |

dlstesednrn dBGOIsj ZBOIsdyj MSdr HBCOLOIsjdzt Mlse BjL Y

JdeStsmMsddj @dicOydz" = EMistes?2 Miso On B &ZOGSH OtGW

vteY n kZttse dzj 2 B j 51 §K¢bierdss, ybef1024Ky b e r

lteddzydt tOB®4s7 ] tsq diM®OfddstbdIls dL Itcj- 1 IsOf ts9:

1. KeyGeniGj dzj cOydw ¢ adz¥ yd 2

2. RUzC O Mz dzv yd v [({Elets afpts B o OYtpegdain ©) dMY sdz
f 2B dzd ydzr 125 BCAZE YWistsBr MtsL HOIY B d2 MjCtejls d B
(hdWtetslsj S Mmlis) .

3. rdsofmedyydy { Dbsa W wishifimznyQisgsdd J MY sdz
Mot Ctoj Isdz, 2 Yy Yy dL § sdzkz yJ dedeisicys clSEizlsy j2 dd & @
Md Ctej Is.

2.2. CRYSTALS-Dilithium (ML -DSA)

1 OL dzOyj dzd j - TEISH Odzedj ydWttses?2 §sHidmd H
sBd M Jjyjddw yj dzsmisdetsmisd HOdzdzr = [ 5] .

1 sy 32 or Bte®Odz Di |l it hi um:

dlsOdzH Otels L  tc s 0 -O8A (NRS204) [5].OSC ML

1" MistcOw 9 jtedWdUOds dfiezst ¢y 2 j tco jtoctse [ 8] .

rdlsjtegdded misd ug M¢Ow cjdzgjteOydw §suHfdmd ( dzj

fsHfdmOdedd) [5].

4nJ BO-ShRimatr with Aborts" tBiMmMfjydeaOjls HBE

ltoddzydt tOB©Is8] tsd Mgtz iszgh d- L IsOff 59 :

1. | jdgj eOydw Cdzs yip®L HA&dejGe € )z yj 2 MmjCtcj Isdzr 2

fedzd ydzr 2 Szt y Hdzw ftetso jteCd ftsH dimd.

2. 4BLHOd) YtsHfdmd (Sign).

O
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B l1tetso jeC O YtsHfdmd (Verify).

2.3. SPHINCS+ (SLHDSA)

SPHINCS+ 1 | dzj SusdoWstetso ™ fsHf dmd, ¢ desimgzfsle jOddzdezy
CtedfsscteOW LS ;"] J T GRMY t5dz! L ¥ Isfyw Hjtejo! W [
SHdsteOL so" d@3d fsHfdmMwdd. Gt ydqWwtse OW §sHidm!
o jtoj dzdesfls: o BjLtSfOMdesmisd [ 6] .

1 syj 3z dzOd3d BTr dz 9r BtcOdz SPHI NCS+:

Bd ded '@z SCtedflssctOl dud Mcdy e Hf&detEzf yded@Y

[9];

dzi LOadMmdls Bl My dsmisd LOHOY dzO tjhyIsCOA

syjdz SCSoiRfOCIs@ia jB O yd[ § 3 2

dzfj btejBlzjls BlsMmdziydo Odedw MmMsmistswdzdw d3dyHEz

lteddzyd i wfOpficdst® Jo. [BP HI NCR+L Igjls duEHfdsz § Otclz € dzt
Il Istse s BddgOdals®Slds] cHjtojots. Ss@FBOR saZdidNET distpL Is¢
Cdzt y Hdzv JtHisrddndsty ff) Eadas jsdzd v . YyiIssB" fHYdMOIs! (o5 {e)
CdzOo dzr @3 S dzt ysdz, dMitsd Lkzjlsidy 2dHiE@® DY odL dzj MC

3. 10RO BOLBO'n Odetstodlsditses dzO ff sMisC o Odzls 59

3.1. 1ltwotslsSCdz tBdRj O SCdt yodsd (Key Exchange

s &zOMmMmdyd M¢ d jDifif-Beslssmhmesdzf ECDH, X251 19C oL Goidlyj txipw
CRYSTALSKyber (ML-KEM) [4].

Kyber LOBjd"jls ¢azOmMhdUygZnid@pdftsbsffiydsew] d

EmMss2 ydeosmls! ¢ OOCOR OdzcstedlsBsdy zts5t6O [ 2] ;

Mo smMisOo Bz ftesdLotsHdIlsj dzt detsfls! fp ECDH [ 7]

3.2. 1l Ctsd ydWttsets?2 §sHfdmd

s &zOMmMmdyd M d JR SA s IDSAS dzZ’E.CDSA, Ed25519 L Od3j dav
CRYSTALSDilithium (ML-DSA) ( smdztse das® tc) BPHINCSF d&[HDSA) T H dzw
Stedisdud mMSd o20yde" m» ftedd3j doj dzd?2 [ 6] .

3. 1wOCldquyuy mMcow tj OdzdL Oydw

3.1. [JUdmOdzdd fteddztsy j dad W

17 dzs wcOL O sl@tzg j @Gd)] dzO Pyt hon HMV HJ Bsdhmist
Ctedf ssctcOW dyj MSdn Odze stcdistBBo . 8 t f OzdsPyddd O
ftetshy dade" d3d friHddeylz deyveya(@idigfo Ols j dzt dzr = yjdzj 2. 1 dzv  to,
dmf sdz’ L s9 Ols! Ytotso jtoj dadz” j -ppthpm dzd slsj S d: | i boqgs [

Il sL sy detsfisd f tod dztsy j ded W :

1. ] CdzOHC O ¢ [ B d3gj dz SKeberhI2468P/1024 BFHRDAR :

2. 1C dzOH € O ¢ A d W tcts Bilithjum§/&/5, FRAMTS+; RSA

3.1 CZzOHC O ¢4 B tcdH ARZ5F519+Kybes 168 RSAHDIlidium

4. ] CZOHEC O cutOBdzfdzd jG : IsjMist HtsdLotsHIsj dz' dats
L CAaOHC O ¢ P QG Qo tistaydisodsO Afedzé ste 5Oy d W
10 Bl ftcj HMsOg@z] dzd adzj @ cOB BIsOdzdzsc 5 ff tod dztsy
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<, O6Met knvouanit (KEM) #&  Liudpossie nognucy & w6 P C [JoPac
Ynpasnenne Buieos
Anroputm:
NOMHAR AEMOHCTPALMA Kyber-768 I
O Kyber-512
@ Kyber-768 KYBER.KEYGEN (Kyber-768)
O Kyber-1024
O DH-2048 (xnacemseckni) [Bar 1] Fewepauua cryuaiinoro cuga d
= d = 97d5daaad6485e87fdfsadsdacaceted. .. (32 Baiir)

[#ar 2] Pacumpenwe uepes G: (p, 0) = G(d)
A A) = 54634965d57263cc. . .
= d21750d583335801. ..

| »Monuan aemoncTpaupn ‘
puum A & R_gN{3x3}

x03¢$. = [625, 2554, 1556, ...]
. = [1243, 1941, 1478, ...]
. = [1557, 250, 2589, ...]
. = [1468, 2521, 965, ...]
. = [2561, 52, 864, ...]

. = [1553, 1387, 1089, ...]
. = [2172, 3090, 489, ...]
os$s. = [2623, 1596, 1590, ...]
x03¢$. = [1362, 1167, 1960, ...]

1. KeyGen (resepaupn xmouedt)
2 Encaps (wHxancynaums)

3. Decaps (aexancynaups)

sexTopa 5 3 CBD(n:=2)
# Ouncrims pua = 1248
.. nopMa = 1664

. = 204, nopwa = 2079

sextopa oumbxu e w3 CBO(ni=2)

nyBauMOro xmoua t = A + e
x03¢¢. = [2926, 3039, 1272, ...]
xos¢p. = [2461, 2156, 97, ...]
xos¢p. = [153, 2642, 950, ...]

[Bar 7] Gopwwposanwe xmovesoil napu
Pasmep nybawuworo kneua pk: 1568 GadT
Paswep cexpetworo xmeua sk: 1536 Gait

tdfm. 1. Jeo%¥duimSd? ddsjteWj2f ©OL OBt Odd;

4. wtcOo dgj dad j

4 fo@ch 18 ©LOLOBSIOddses ftodddsyjddw B dd
orhjefsd@d3v dzzlsr 7 Odzested s Btso . 1 7 yd mdojeR) CordfMIs d L o &
i7-8568Uf yOfmlsmdss? 2.j00zdz IsOlsr fftcjHMIsOoadzj dz' © IsOBC

v OB dzd yO
vdMmisr ftesdLoatHdls] dzt desfplsd Odze tsted Is d3ts o

¢ dze sted Is d KeyGenizin Encap/Sign Decap/Verify
Kyber-512 6,94 7,85 2,69
Kyber-768 13,13 15,92 4,19
Kyber-1024 22,34 26,73 5,85
Dilithium-2 7,28 869,44 0,16
Dilithium-3 15,72 1514,15 0,14

4,5
3,5

2,5

1,5
0,5 I
| [ ]

Kyber-512 Kyber-768 Kyber-1024 Dilithium-2 Dilithium-3

N

[En

o

m KeyGen(™ Om Enc/Sign m Dec/Verify

tdB. utOodydedj fsdLobHdl) d dshlsd Shdssd & f
165 ojtelsdCOd ds?2 ©Md Gldsy,j ds ois] HO p wscOwdy

fs
a:
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VI { j 5 HE Ot sH da® e O&® i ygzti C O

S5/Mmdetsodz" § o7 9fSHT
1. CRYSTALSKyber W o dzw j Isfqw SflsddzOdz! dz" &5 o' BBt

feskbsC sdse tBdj dz® Sdzs yOksd [4]. esdLotsr

ftcjotsmMatsHdls €S d&zOMMdyd MSd2 DH [ 7].
2. CRYSTALSDiIlithium tcj S tsd3j dzH kz j Isfpyw H dzw Bisdz " d dzfpls e ©

fesnfdmd [ Oydvl jstedmsdel 4, i & ECDSA [8].

3. SPHINCS+ ffdzj Hizjls dhmisd LsoOk! o SCwdlsdujmsd

BjLiY Ofdasmis: o0y dzjj 10OL®KBjtwO §sufdmd [6] .
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toj d3d dzdz’ § tGWHT

JtOHdjdzlsdzg" 2 BEMisddze wWodzw jIsmw tSHdddB dL §tSHA
slsdesmdlsmwy € IsjrdzedC O3 f sMdzj Hise Ols j dz' ‘ddis O 1fs B tg B IO M3z
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Ftcsodz" EZcOH™ 9 OdgdwW. 1B, Bl jHddz dedzr | ©® OdzlOd3B
Plstsydzv s s ftescdsL, LO Myl yjeéts §sdzkzyO0jlsmw fMikh
ftetsG dats L dzts 2 9 4 dzd ud dz’ [ 5] . gtej H Isj n dzd & H d®&dzMm C
fsfdzj Hise Ols j dz' dzts § tsB lzyd ded J BOLBO " n dBBBHJjdj?2 M
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Colstster j odi3jMlsj tBAZOHOE I o MsCts?2 IstsydesMmis: &
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dzO H Odzdz" -

]l HOddes 3 dMMdzj Hsoa Odadj L OHOYO fGtetsedesL qetso Ock
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