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RS HEIE

o« {E—THIEEX, EX—THEB/MEUEEZd : XXX > R

 HIUE: BRI, BaA1E1I
 BBE: “PEUE”
o /N, KRR

« —iSimE AT AZEI
dx,y) +d(y,z) > d(x, 2)

d2

P2

h— w— w— — w— w— — — — — w— w— — w— — w— w— — w— w— w— — — —

— w— e— — e— e e — — — — — — e— — — — — — — —

e WEYEE R : BRECEE S

| d(p, CI)2 = (@1 —p1)* + (2 — p2)°

d(p, q)

d1 — D1

: : : : |
P1 d1
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HEFF RYL

item 1

ltem 2

ltem 3

item 4

L

Alice
so0 | ol | 0l
Charlie !‘

Bob ~ Charlie




e Zimpl
£UM: MAXE

@ Identical 73%

Minor Changes MATCH

29

RESULTS FOUND

Omitted Words

@ See Alerts

RESULTS (20)
potential

Galaxy | Wikipedia.org

https://en.wikipedia.org/wiki/Galaxy

ransit methods. Students compare zones of Skip to content...

explore how scientists use spectroscopy to learn about 46% Similar words

first is to study the effects of exposure to microgravity on bio- Space - High Adventure Science:
Is there lie in space? |
Wikipedia.org

influence of gravity on living

https://en.wikipedia.org/wiki/space-high-a...




HECWJ I}%‘I ,:‘Z m Healthy Pathological

Tissues

Cell-type
maps

O
ol - o Di ated
isease-associate
. (®) O& ocells

Types of analyses

P, >

Within cell type Between cell types Between tissues

» Stochasticity, variability of transcription e |dentify biomarkers e Cell-type compositions
* Regulatory network inference e (Post)-transcriptional e Altered transcription

* Allelic expression patterns differences in matched cell types

e Scaling laws of transcription
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Jaccard Similarity

. FTHANEA
MTESA, B C [n] 2 A0,1]69%

ANB
AB) ;:{ . AUB#Q
0 otherwise
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Text 1

Mgt

seashells by

the seashore

(ZBERIFGNES

Text 2

113z mss

IFHREE (ZESE
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2ETRJI(A, B)?

ANB
J(A, B) :={ AUB AVB 7O
0 otherwise

. EIEITE: EEIESIIBL (ROMIRM) , FMEO(|A| + | B|)itH
- MBHEEARZA (88) (A), EEREZORMDRNIA,A)IR?




» WETEEA, FETE/MLE—TREEA)

. E18J(A,, A) TN (A )FIh(A) B 12183

- RFRO(|A; )N EFLERA), 2BEEWEJI(A;A)ERO(])



MinHash

s IXFTEMSEARMITTREFEEFE Tuniverse [n]
o iﬁh . [n] — [0,1]79—/\%1‘}_[,[@?% yE B L AR BY Rl SCER

. NBTAATEA . (A) := min A(x)

XEA,

Claim: Pr[h_; (A) = h_. (B)] = J(A, B)



B i HITE T

. —RgH, BE—MERHS C [n], #FEZhA . (S) := min A(x)

xXeS

» HTFATAXLHA(X)ZIRI[E DAY, (Eelx € SAAmMInBYBIEERE —1FHY
o« E—AighY, MRIESTEEZBACO)FAFHS, N=r=E—17 (133) FEVLHEZ

o FttMinHashZF M T1E|n] LRITTHZ HBENLHES!

HIZ{ZFEHLHEF 2 {ERAY
hashe]7ZE HEI EvalueZr M E T 1Z




ISiEMinHashFE 4 R

Claim: Pr[h_; (A) = h_. (B)] = J(A, B)

. EEA = {1,2,3,4,5}F1B = {3,4,5,6,7} N ES
. FIIMBEATE(L,...,7} PR FHEE
« ME: b (A) = h_ (BY{X&h, . BRZEA N B

. Blgn, h. (B)REEERZE{3...7} Lk, Bh . (A)EZE{1,2} ENI—EREHE
o —H7NTE, mnBERER N TEL, MERE3/T

|A U B| |ANB]| |IANB|/|AuB|=JA,B)




RICRBEN R A

\ 1 hmin(Ai) — hmin(A )
. IRX = 7, MPr[X = 1] = J(AiaAj)

0 oth.
 TEEE (ZREEE) -

. RETMEIoREEERY, ..., AT
O(|A;| - T)ETIE]
o X A*[Ih(t), ] h(f) (A)

QN{a] 5CE?

TTERY %h@ BZER9tPRT & EC I
I
. WEWA, A, {r e [T]:h" (A) = h") (A)}]

min min

O(|T|)B8]



TENZ K?

\ 1
. IRfHITEX = = [ {t e [T]:hY (A) = h"

min min

(A)}]

Chernoff bound. 1%X,, ..., X € [0,]1 2NN T =,

X=X +...+X,. Wzt € [0,1]8

Pr | X — | > tu] < 2exp(—1°u/3)

. 18X, € {0,1},suchthatX, = 1 < K" (4) =h" (A)

min min

Chernoff&ikEA1T = O(log n) B LM 1/poly(n)



#El’PQ: FAMinHashif{\Jaccard Similarity

» http://cssyb.openjudge.cn/23hw4/
* Deadline: 4H5H


http://cssyb.openjudge.cn/23hw4/

L =HHIREE =




Cosine Similarity

o(x,y) = cos(0(x,y))
(x,¥)

X211y 112

. EEFHNEEY, Y € RY, EXo(x,y) :=

e HIAWH: NXATE{IE (TF-IDF)
« TF =term frequency: — P E1aE7E X AH P H LAY
* IDF = inverse document freq.: log(2 X A4ER / B g I 17E Z /0 S A)

.+ X{8igw, TF-IDF(w)= TFw) * IDF(w), f—1FAFR%IE. ETF-IDFlR
—HRAFE NS %,



Word df idf
Romeo |1 | 1.57
salad 2 | 1.27
Falstaff 4 | 0.967
forest | 12 | 0.489
battle | 21 0.246
wit 34 | 0.037
fool 36 0.012
good 37 0

sweet (37 O

We see that "Romeo", "Falstaff", and "salad" appears in very few plays, so seeing these words, one could be quite certain which play it is. In contrast,
"good" and "sweet" appears in every play and are completely uninformative as to which play it is.



Cosine SimilarityfJIg#: SimHash

o EUFMinHash, HATEHEI—h, FEPr[A(x) = h(y)| T ARMo(x, y)

= AR R MMIREESEE

AEEziENEE)3—1E

o« ER—TdEMENSHTREw (SN TRJESAIKEER—T1IRER)

. h(x) ;= sgn({w, x)), Efsgn(x) = {

. Claim: Vx,y € R?, Pr[h(x) # h(y)] =

I x>0
0 otherwise

O(x,y)

v/

=TS R

O(x,y) € [0,7] 2xFyl =X



S1ESimHashFE 4R

O(x, y)

T

Claim: Vx,y € R, Pr[h(x) # h(y)] =

Er%‘ —AS'E%%%%

X __'d?ﬁ

:(x,w) 2 0(y,w) <0}
Sdu--w TEYEER, —mEo
 SHEN_EAEETCE2x




Z )RS HFIME: RllHamming =S [8]ABREY

o ZEUMinHash, BJLAENTMMIZSimHashEYFE{E

1 T
XX,y €I degE+E: — z 1(Hh® (7)
CETXIX, Y (GiT= - £ (h(x) # h'V(y))

- EX b, AIUEERBRY ST REITHIIHamming!

° f(x) .= (h(l)(X), ceos h(T)(X)) T#4Hamming LY R ET#ERIbinary string, B
B, Bldisty(x,y) =|[{i:x # y}|

o FIMEIT=EFT(f(x) D f(y)/T
» BI: disty(f(x),f(y)) =~ O(x,y)/n






1

e IBENDAAEHIHamming= B HY 85
o MBEEK: e
XEHEBEREKe > 1
e IREZSHe > 0
. FRAMERSEIO(dn + n' T+
. {BEEEg € HY, IO VI TOrtEEI(1 + e)-3F1)

Bl: EmiacfiEEZr, MRENRES < (1 +¢e)r

AID



Rk T

ISEUESERP C HY, Ana

¢ BN = O(nV(1+9), HNDLITARIBENL S oy, ..., oy

» BT Ho,,

| |

1110
1011
1001
1000
0110
0101
0001

o HEFIR R A4 AT

~

Bl A5 E1 . SFAIT %

—

SRR ENFTLAERR, EEIN = 53710

H 4 BN ENERIcopy,
NN =

ETHEE

—

B LiniRo HIF | FERIN TN AR RIRIRFEF

1110
1100
1011
0101
0011
0010
0001

.3

LN\



REZEA/NZENn (A ZEn)
A\
ik

% AFg € HY, HogiatlS
RAMRE

* 1% LOP(S, IASEMTERNR K AR R QBB Mo, B A L
. W1 <i <N, WEEHIESY € P, RLCP(6.(q), 6,(x))
o 7£FFE LIAN - n'TLCPH, ¥ m ABVBI2N XS Y il e, MAESS

BRIA S| < 2N

e R[Elg5 SHAYHamming distanceRITBIERN B E
FE|S| < OWNV)xEE#:

o HRZN: INSTEEN - nid(E], FRNTANAMEIERHIFRFERZEIN - poly(logn)



S IE R N H g s ARI2N 1 Binary String

e S£EEN=1, BEIRE—1HF, 1Zn 1 ddERIbinary stringE & F H R HELT

B3k 1110
o EiE: 1011 a
1010—’1001 i
« —PnEq, HEISIEqEIBIFM 1 string aflb oo
0101
« M ERAFXRDP, Baoiimlls gl EaiSRiEse 0001
FRBREAFRN
« FERIBAMalmIEl. AMbEIEERTIOEIAFRBISR KN — 1 1  AREERE, E—
Rig B A dEERU)

« N> 1IN, B H-97E¥o(q)Rifastring a;, b;,, REMIBa;, bZEAIDEH

AT BAFIRREASIIH—T IR ERE; BEE
FIN—HgAK, XTHRNAERMESN




RIESCIIRY—EEiE

RIEZENTIE: SimHash3ik, —A%O(logn) B

o SEFRNAFKEILER)N, tBdld < 64, FELLeIBARInt641Fi3
« FHFHIF = Kint64EHIF, FHEZDEN = KRint64EEK
o KFENint64 R afIbM A HBIBKEIIEEESR (T—m)
o XTHEINA, NeJBAEVR/)Y, EERIN = 108(&ES
« EENBHKBI2NALCPH AW, AIMBEREAZ s EHEINRIEELB S

ARG DS, FIEE
miss#ELCP AR




KEx =3 EOfiL

INt32 version

int msb32(unsigned int n)

{
int res = 0;
if (n & Oxffffoooo) { res += 163 n &= Oxffffoo00; }
if (n & OxffoOffo0) { res += 8; n &= OxffoOffOO; }
if (n & OxfOofofofo) { res += 43 n &= Oxfofofofo; }
if (n & Oxcccccccec) { res += 23 n &= 0Oxccccccccey )
if (n & Oxaaaaaaaa) res += 1;
return res;



EllF: Hamming S |8l RTS8 Eif

» http://cssyb.openjudge.cn/23hwS/

e Deadline: 4812H (3H228F48)


http://cssyb.openjudge.cn/23hw5/

* 28 (nV/(119)) g93%E — JEERITE

‘A5 I Moses Charikar, STOC 2002
SimHash &3 A

.« ZEBRHg € HY, &g *BalIREA, Higdisty(p,q) =r
» R FE—TERSK < d, #15

. BE— Mo, (#Eq RIS gtEE

» BEFAERg 2 (1 + )R, SqRIKMEREINEG<2NT (SEFMEHS)
* AR BRI € 4] mpganmmmsias

» SqiEEIINRpBAMED, = q;; SaiEEEN[pEXRRDp, # ¢,

Eitt > (1 + ¢)riE B ERBLHES PRIk
Sheb T N ERRY




* Locality Sensitive Hashing (LSH)

ZZEMinHash5 SimHash

» #Rhash h@—MLSH, &HPr[h(x) = h(y)I1RK, MWRRxFyHEMLL

» BMNABBHELNTEREEKREA TR, BIMEIEFNbucketE

« WFAELNTRERRE TR, EREIRRERNbucketE
 JiiE: MinHash#]SimHash#fZLSH

» MinHash h: Pr[A(S) = h(T)] = J(S, T)
» SimHash h: Prlh(x) = h(y)] =1 —-0(x,y)/x



F itk R EFLSHF rl LA{EH SR ITRE 18 !

* —fi%LSH to Hamming

BAMinHashJ3 {5l
SERRAP A LA S M IE = A3 fEAL A
Z, B¢Universal Hashing

o ZRE—TIEIZE]{0,1 JrENREAED : X = {0,1}
o Fx # VIIPr[b(x) = b(y)] = 0.5, ZMPr[b(x) = b(y)] =1

. ZRELbShESD(( - )), WPr[b(h(A)) = b(h(B))] = 1+J@A J;A’B)

o TEP AZESimHashig{E, BFIHamming= 8HY =

o FRTEIMIIHINFID, THTHFIBAS) = (B DHRD(S)), ..., b DHTD(S)ENH

HammingZRms 3 T 2 ik I AN (LA @ ABN/T=1-J(A,B)



Tk 2 A

* The algorithm is used by the Google Crawler to find near duplicate pages.

* In 2007 Google reported using Minhash and LSH for Google News
personalization

* |In 2021 Google announced its intent to also use the algorithm in their newly
created FLoC (Federated Learning of Cohorts) system



GoogleZ2| T~50 Billion =5 - lololﬂﬁ, ST REEe4bit, HEA <
500G=T (8], EE G SimAkS 28I LI TEMMNITIBILEE S

1TB Kit 4x256GB| DDR4-3200 PC4-
25600 ECC Registered 8Rx4
Registered Server Memory by
NEMIX RAM

Visit the NEMIX RAM Store
1) #odctetede v 7ratings

*9,790%

ey hn-» = L) > i : _\;:‘: \;_ —— - . T - ‘—x\ .
g LNy . : = 5 ol — _ Size: 1TB (4X256GB)

.......
h..

4..
<<<<<<<
o
i.‘

O e TR e B 1TB (4X256GB) 1.5TB (6X256GB)
i e $9,790.00 $14,500.00

: 2TB (8X256GB) 3TB (12X256GB)
BIME 1 option from $19,250.00 $28,888.00

..... Teai A SV B R 256GB (1X256GB) 512GB (2X256GB)
RS CSENCT R, 52 408.00 $4,955.00
Brand NEMIX RAM

Computer 1TB
Memory Size

RAM Memory DDR4 RDIMM
Technology

o BFAINMABRIXELSH + Hammingax i 2F /5 7A3kParis Kanellakis Award
mzs BB & ARz in A HIIEIe R




