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FARARE B2 48 ) P AA

o FHARE R
B4 —EARIE FALE 0 =10 R, FEEI Y =4 RiEd, FHH:
o HERIAE —
o BHIEBMMES p=05 FHMERIRELRZIMKES
7?7
o TR —
1 (fF3t) # BB BFLERRMR (B31/FEHEIIE), ED
HWERZA S DT
2. (AE3tw ri) X5 e ) A B B ) IE B ko 4T 2
3. (BRART) 2 — &M BIEARANEY ATHAAN
FiFETEE R?
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o =
q(y) =
n!

LA Y R S BB (n,p) AN, Y ~ B(n,p), Al
P(Y =y) = (Z)py(l —p)Y),
SR (Z) = yln—y)-
ZHREEMES p=05 FHERLBERLE R H
.. 10

1-2-3-
-~ 3)(1-2-

0.5'% ~ 0.205

E¢y=QL
-~ 6)
\' ﬁ

o HMERE —
& A7
10 A
q(4) = ( >05(1—05) 12
SGEtRIAE 12 — BB RS Rk TaEERIAS DT
p(1—p)
n

4
B0 8 4 5 5 4o T 248 A B A3 7% (MLE) R A3t A8 p
E{p—E(p)}* =

E(®) =p, var(p)=
o = \/var(p

n
Group Testing

~ 0.155.
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AN Z R

° /{;?_ EAZ X B EA SHRIHARSRE 2023 £ 7 B 17118 BWMK ; HENEEAHEEN
ZHBMUEREA 5 RS AR DR T A S E R

—~ 0.5-0.5 # (dual-frame random sampling) - T&&fl 70% » FHfh
sd(p) <14/ osg 0015 so%.mmmA0BBA L HHETEIA L Fi 25N ik

FRETE O5%{EIVKETHES 2.97 HEHE - MRAKIE

l—a BokETFTx iR E MADRETERETHE - 145 - E@%??ﬂﬁ*ﬂgmﬁg s A
NEPRGE - RERREVEEAZREHNEESS

+qq/2 - sd(p) BEAEREESE(TPOF) -
C +£1.96-0.015 ~ +0.0297 i 36 : SMANBRGTERREMKLE (20237)
° ;B‘_%}EFH _ 2023-683 ®2023-78
A S F
& Sotly it B
i Iiy....|
,}};,,ﬁ:}@ﬁﬁ 2 18% FLo% ,z%os/.,[o
3‘;‘%;&% }j‘;{ Rith BEREA SURERK BRNE oNEE R ARS
mgm 5 BR B—EBR
etc. O 0 &' e
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) ﬁi?ﬁ*“%ﬂﬁﬁ%ﬂ§ o MEEE Q@English HiBIEEHE NRSS

Taiwan Centers for Disease Control

RIRCDC ERFEpBEEE  HERHEE P e 32 £ 2 R

o EE AR

AEREEAR > LA RRA N ERMERE » RS
R —
Qo -

FHAHA : 2022-04-01
PRFATRIBISER LS (1) BRT - AREMRERESINRAEANPREN - BARELERIIREE  MELIEBREAN
EERE  EAMESRAMEZRGRER TN - BORRRAKEHERE - TURBHESE%SE -

fEIEROdEE - BRI EREG RN S RREY ERERRBIREN » AIEARAELEIRASE (SARS-CoV-2) B IERIN
BBRTAELZT  ERSEERRMBEAEFERAER « RRERRANRESHEREARETARIRRTE  RELHEM
Ep RN EHEIAE - E—IREE ARG ERCHEATH34-38 2/ » BE—FRALI0MEEREST - B
FIAIERF B IR RN PTIRER A # > RARIEES R IR EREOBEBRE ; SHN IR EREER - (HRIERBRHCHENH
31-35MMBIEERE ©
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IO [EhhE| % infected
Repeat regularly ;;é__é__ ;;;; 'I'non-infected

swab sample
L virus +

Pooling

Negative  Positive » Alert & Measures

https://www.cnrs.fr/en/covid-19-screening-new-model-assessing-efficiency-group-testing
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AL — R

o ERAA 1000 T #E Covid L0 A E BBATH B (PCR). 4o
REBAGRE S AR, 8% E 1000 RE?
o 183% 1000 1B A F A 100 18 AL ° & HRBAFZEL S
o HREAMNRE L, — Aok RRER—ERLEHEA
(group size = 2) 3t hv LAARER
o BRIEAIEM, RlIEE RAL AB MK
o HRIE AT, RlH R ERAREE & B AR R BT R RS
o B HT, RATUEZE 30 - 40% 9k (AN & B5H & 24%)
o % FE#AT 1000/2 4+ 100 x 2 = 700 RE 5%
o YV EZ#AT 1000/2 + 50 x 2 = 600 RE
o ibinBniE A N
o MBET HUR AR (SR, IR, etc)
o BARRMZILERF
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https://en.wikipedia.org/wiki/Group_testing
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https://en.wikipedia.org/wiki/Group_testing

IR BAT B AE3 (1)

e Dorfman (1943, AMS)
o —Hik, A HT A 4ERAE AT X dia BAR L 6h B AT R
o BHRBF M BRAAMEHER, B hRBBEET, &F R HM
n = 1000 RARR, 3% EHRME 5 2%1J%$6E<}%ﬁ:§&ﬁ$4ﬁ+?
o AEEUTHE: TRLIBERBTES p LT R p=10%). 4
R ARAIEM AR E 1000 B ALERF H Rk A Z AR R
Y1,Y2, ..., Yio00, RIZ8EH A (&Y =YV1+ Yo+ + Yiooo)

R Y o p(l-p _
Pay = var(p) = (n ), = var(p) ~ 9.49 x 1073
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TR AT F 4B (2)

o F[EMAh it 2000 18 A, I AF o ikAR A HRILEETRER, ERA
v ),Y(2), LY YO =y vy e
q(2) =1—(1—p)* R

YO @)

o dtp=1-—(1-q(2)"" #¥k MLE &1 H, KITT 2173 2]
poy=1-(1-a@) " 2 { i)}

f3{a@ | x sd(a(2)) ~ 6.89 x 107

o ZEHdn i 3000 MBA, & 3 MBA MM ARA L BATRR, B ..

5d(ﬁ(2)) ~

sd(p3)) ~ 5.78 x 1073
o & REM ¢ x 1000 A, ...
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0.0060

SD

0.0040

Group size

2. p=10% #&&:p=1%
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R AT 453 (3)

o WwRRAMENABIFIARERE, BAMBRBMET KFRAH
B3 N = 10000 B4 A, R EAME ﬁaé%ilJﬁﬁzEzf%}%@4f$
1537

o HEUTHH: FREIBEBBETRS p (TR p=10%). R
’I‘B’cﬂ’ﬂﬂﬁ’r?%éﬁivl\ %%z, AIREH N, = N/z BH%kE R 5
A (B Y =YV1+Yo+ - +Vy, BEqlx)=1-(1-p)%)

—~ _ Y — q(z)(1 —g(z))
N/z

o FiBIRAT MM AT B B4R, KA LUIFF]:

by =1 (1-a@) " 2 £, {4}
sd(fw) = | £ {a@) }| x sda(2))
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SD
0.0045
I

I I I I
5 10 15 20

0.0030
I

Group size

2. p=10% #&&:p=1%
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v RN

o MIFAT MEYITH, W RA/MRFLEER L — 2 A 893
o W RMERE n BT, AIMIEAREE p &4 R REFFEKR
N, BAe n SR
o W REHEMAR N BIE, BIRAEMEEARNS 1.
o FRERMA4E p & 5D, HhofTak 3t BT W7
o H T4 p KANT 10% — 15% X[, R RFBE @ A% 10-15
Z F#RAE A Rek ey R (B FH R 12)
o WATE sd(py) HMAR, RT3t HAFH

Sd(ﬁ@)) < Sd(ﬁ(l)) = p<0.667
Sd(ﬁ(g,)) < Sd(ﬁ(g)) = p<0475
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30

Opt. size
20

10

I I I I
0.05 0.10 0.15 0.20

Prevalence
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o £ATEE X FMMARBABFNT, KMo HmBATRG T RE
Fe 15% ML, AR A 2R 4 KON B 10 89 BF 40 358 =T LAEAF 7R s B AT
FRAGEZERAY (JREEL) E2RD

o UL FATAMHBERMAELR? T RAHETRMELSE
57

o Ex. RELABMA A 9,10,11 T LAA B 4FeyfE3H1{E7?
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RAETRERI G =FEMA

nl n2 o e nk
wl w2 ... wk

o Fhraztay&kwX {a:l Ty e Tp }

w; =ni/n BFHEZHEE
o HAEEERE =M A
A C4hokIE, ZREBIREOHEE (REBRRHE) [(k— 1)-D]
B. C4o T Z S, BB sk E 093kt B AR H B HE
% [(2k — 1)-D]
C. BB FRAMZXFHMEEH, FRB|ZEREZXTHEARHEH
F [00-D]
o TERR I B LKA, /£ B AT R AL BE M RER R BT, ity
BERct (RE R — B A RN Bp A ik
o MEZHFRLBEAR B AR, B Rt ERBRITHERIR—
A4

S-H Huang (NCU MATH) Group Testing



3. At BR &9 B 5 1 AR

BAE &
EnddsR L BRMEAGME - HENUE
R & B AR B AR
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o Bl ZMERRE n
AR ATK N
FHFEE T = $180000, #— RIBEHIREILE $15 = qo + ¢1:

o WERILE qo = $12
o ERAEAILE ¢ =93

o M—REBEMEARNE x WBEARRENLE c(r) =q + o
o K3t ET A €1 Ty - Zp

ni no e Nk

wl w2 o« o e wk_

WM F w; = nie(n;) /T BEEB K v FIERANZTRE 6L
o HFfpl:
o ElEMERRE n = ¢ =0
o BEZMEHBAH N — ¢=0
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X B 65 2R

B A4 M COVID-19 F /A b 5 s &1 45 31

110 5 6 A 30 & 1537
EAT

B R B P A 45 AT R A £ COVID-19 Bog 3 R T A e 5535 7%

ol B R BIE R A R 0 AR W R E o BT B
oo R AR R R ZITRANES  HBERTREREHD AR
) XAE3T -

7 R AR SR AR AR AN R T R R E AT AT 00 BRI
(NAAT) ok » S ~ 5 B PUR - B2 E SR ERRS
AR - BEIERAR AT AR TR ARAESRT TR E AT ETHH
B AR B A B35l COVID-19 g 3 2 fR4R -
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Mo B 5 3% 2 A R A A

o HURIME (SEN) p1: B AZEGHREZLER (KE)

o R M (SPE) po: RMHAAIFRRAMREZER (HF)

o B % (FPR) no: M2 MR AT B F7HE R E XA 5

o BIEE (FNR) ni: Btk RAFRIE MR B2 K F

e FPR & FNR ## (i&) /% 0.5

o THRMBATRE p, —EABEKR NG ¢ QAR RGRERE S

e =m(z) ={1—(1—-p)"}(1—m)+ 1 —p)*(m0)
=1 =n)—(1—=n—n)(1—p)*
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ORI I e

e Tu et al. (1995, Bka, fix N)
@ Recall: mp = (1—m1) — (1 —no —m)(1 —p)*

_ _ (1—m) —m "
= p=folm)=1- {1—770—771}

o EIRMLTFEH T = 180000, (qo,q1) = (12,3) =

180000 . Y, To(l — 72)

= = d(p) =
Ny 12+ 32° T nxv $ (p) Ny

WAk MLE 690 8, RA4F 215 7% B AT 5 e 53 pl-

- fz(Ax)
w“>Lﬂmww<>
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0.35
0.30
9
—~ 0.25¢
X O
< ng = 5000
& 0.20] @)
. Se(Po ) = 01V
0.15} 1
5 10 15 20
Group size x

True parameters: (p,p1,p2) = (0.07,0.93,0.96)
p1 = 1 —ny is the sensitivity
p2 = 1 — ng is the specificity
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Bk “MEREE R R o 6y — b im i stm

o MEERZXIMMAE —BHAKIZER
o BIEFRFEI MY 2B 3%, REBHEAKN R LY
o Bl N B ZHTHEA KRB IR B4 RKIER TR S I R
o HRERSE I EMATI So?
o R
o X AEM
o TBREHIF
o HAGERA R I
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Bk "R FE i L F ST

- 2023.06.2219:14 ZLEE
REFITHAE AL - SIBRIENT aARE &
E;EEE@E;;“

£ | sar  BE:E

© LINE L &

EERTEBRLERR ““EI;“'_':“E?E EEFRS - EEERE EEEmsZ
EFERFE  EARE r}EE/-'_J _% FEMTEERE FIOREREBRE
COVIDEAZLEETEESE Fﬁ’_r HIEZERE - BES  REMTSRETDIE

BUERSRE  BEEIBAYE -
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o ¥ 1%‘ GEEE

fx(ﬁz) =1-

Bias (%) under group size x = 1

| presepecifiedvalues——
-
S
- |

. 0.90 0.92 0.94 0.96 0.98
true positive rate pq

se = 0.32%

true negative rate po
true negative rate po

S-H Huang (NCU MATH)

(1-

771) — Ty

1—

o
©
N

0.90

0.90 092 0.94 096 0.98

Group Testing

1/x
Mo — M

Bias (%) under group size x = 8

1.00

true positive rate pq

se =0.16%




B3R "% BAh iR R R

@ Huang et al. (2017, JRSSB, fix n)
Huang et al. (2020, Stat Sin, general cost)
@ Recall: m,(0) =(1—m)— (1 —no—m)(1—p)* 0= (p,n0,m)
AR ERBICGTRTRERS {2),n;, V)i, £ F
oz BEXN
o nj: BHIRRIRK H
o Vi B RERE (TP or FP)

B AAEAUESEE (MLE) 0 = (p, 7o, 1)

k
arg maxz {Z/j log [72, (0)] + (1 — %) log [1 — sz(ﬁ)]}
J J

@ Pros and Cons:
o W RN K B aYARERSE R R 2 R IE R BAT R A e R
o FIINE % LM RMGITHE REMA

Bias-Variance Trade-Off
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#7 (Bias-Variance Trade-Off)

Low Variance High Variance

Low Bias

High Bias

https://jason-chen-1992.weebly.com/home/-bias-variance-tradeoff
Aug 24
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https://jason-chen-1992.weebly.com/home/-bias-variance-tradeoff

Chlamydia example

@ Nebraska IPP: po = 7%, p1 =1 —1n1 = 93%, po =1 —np = 96%
e T = $180,000, go = $12, g1 = $3
1 10 81

0 & = 1256 2380 240
10.4% 55.5% 34.1%

Design s.e.! bias?

& 0.34% -
Pl 0 16%  1.0% ~ 1.7%
glPlEin) 93100 6% ~ 8%

1 total budget = $180,000; under prespecified values (0.07,0.93,0.96)
2 bias for ptrue = 7%, and p1, p2 € (90%, 100%)
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AR RS RERT THEBER

{ Tl Ty - T }

wi wy e wg

o AN k, REHE x1,20,..., 75 A wy,wa,...,w; [00-D]

o RIEF AW T UGB, £ B ATBR A BT, Rt B a9 EH R
FEERSEME—4% (k=3) [5-D]

o HI A BB IR S BB B — AR ey BR4E, Rl SRAEME F T L0 F Ak B
&k [3-D]

o Ho¥—fEz%ztaA 1 [2-D];
% q =05 ($), B — @R BRABER I ER  [1-D)]
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Weight

10.4% 55.5% 34.1%

1 0 81 % oy =
£,={ 1256 2380 240 S %

T

x;s =XL x; xg Xy

@ Recall: my = (1 —m1) — (L —no—m)(1 —p)*
o B/NBRITEE 1 LR ABFARNYT R o AL, m, AR
o WAWXE vz RAI EAAKMET: o AKX, m, AR 1 —ny;

188 q >0 8 o3 KRAGERTRRHEKD, FRARKABEE K]
FARIE AR A BB B3R

o TV fa] g BE 4R K] acg R b e A BRI, 12 @4 AT 12 1B
Bt KN B

o BRI LA o0 BAR S WAL, 12 wy Fo wy A RIKER 7,
Fo g tOfE S AR
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YmE (MSE) bz %54

1.00 1.00 1.00
& 0.98 0.98 0.98 10
g 8
©
S 096 0.96 096 b
>
= 6
©
T 0.94 0.94 0.94 4
c
[
2
= 092 0.92 0.92 2

1
0.90 0.90 0.90
0.90 0.92 0.94 096 0.98 1.00 0.90 0.92 094 096 0.98 1.00 0.90 0.92 0.94 096 0.98 1.00
True positive rate py True positive rate ps True positive rate py
(a) po = 0.04 (b) po = 0.07 (c) po = 0.10

(plug-in)
MSE ratio = % (> 1 when &5 is better)
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AHAEYEERR - itEA TR EXERERIRE - DA EIS

nog -

R EHE © 2022-04-01
RRFITRIEEERLS (1) BRT - BEEARERRSHEREANNRIENE - 2RERERHEEE - HEREERIREN
HERK - ERAMEA R EREGRERFTNIERNR - BHSPRANREHRE - RIRAEEHERE

$SEFRLIEE ) BRIEREREET N KB EEERR RRIVENT » ATRAINIEEIRGS (SARS-CoV-2)ZE AN

BRRTAZT  BRSIECRERECKREEIERE RRERRANREESHUERRBETARIIRRME  fRiELmEms
BB HNEABSERE o B8 EETERMNR M ERCHEN T 34-38 2/ » BE—SRAL1I0MCENETT > B3
B AISIRFEE MBS R AT AR ER A 8 » M ARILERIR B IR S MR AVEERR AR ; STHIBIEERIGES > A ERBHCHENH

31-35MRFIEBE ©
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17 38 46 R AU

o BEURM T, By E oIk E A T AL G % 8E 4 A\ H o o 24 o

o BIEFE g (REMF pr) L T4t HAMFELE (Zenios & Wein,
1998, Stat Med)

o FTHRMYBFMA AR LR F G AR R & T IR

o S LEMBBIE, B RERTH (AmThoRl) FR-ABITE
13 A 8 15 3%

o ARBIMMBRIE: ny(x;0) €[0,1] AL T ZIFRBRIE, 0 A
(B4 sk k4o) 8958
Ex.

ni(x) = [1 + exp{fo; — 61;log(x)}] 1 050,041 > 0,

LB EAE (1) = [1 + exp(fio)] ! < 0.5, B n;(w) JEERK

o MMIEAR BB E B, EARNE AR A R B o4 # FE U & $1
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5 FEA R T 0 AR B 4 SR BR 3t

Huang et al. (2020, Stat Sin)
TR B &R RRE Y, R EHTRRERT
BTIEd: R BERE D FANEN LA
18 A E BRI GRGT
o (T&EiRER4E) AR S HA KA MM ALI RS
o AHME M B NRBAE

o BB AT TR D 2B EIE RS
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Po
[ ]
X
s p1(x)
/ o\ T T T T T T T -
| <
e | ) ‘® o
\{ D etttk
XL XB xg Xa xg Xy

o A F R IBAE SR B R AR (AE R )

S, S
xXp X3 Xa x5
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e pp = 0.07, p1(1) = 0.93, p2(1) = 0.96, [z, zy] = [1, 150]

e T = $180,000, qp = $12, ¢; = $3
@ No dilution: &
@ Both p; and ps are diluted: &,

1.0

-
o

0.93 = expit(2.6-0xlog(x))

0.96 = expit(3.2-0xlog(x))

True positive rate py
o o
o ©

True negative rate pp
o o
o ©

e
3
o
~
=
)
@

0.65 expit(3.2-0.5l0g(x))

expit(2.6-0.4log(x))

o
<)
o
<)

20 40 60 80 100 120 140 ' 20 40 60 80 100 120 140
Group size x Group size x

Design | a1 B1 |21 23 X2 Za T3
s - - 1 - 10 - 381
& 04 05| 1 3 14 50 150
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o MSE ratio(&,]¢,) = MSEE) \yhen both p; and ps are diluted

= MSE@&)
05 ' o
18
0.4 ]
14
0.3 ]
= — 1
0.2 1L
— 06
0.1 ]
0.2
0.0 ‘ ]
0.0 0.1 0.2 0.3 0.4
aq
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— AR B E AT R

o —fMER (Regular assay)
o BH
o D IR R (IS, B1)
o H&AREMER (Gold-standard assay)
o PE
o Faiiss
o MAEIMARA M (Both assays)
o ME
o JE BN AL X Bt R &
o WEHE—EHMEEAM T, TUIIT LB H2—, EAENEEER
Baket @Rk R BAT R A R A7
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& TN B 4 R

e Huang et al. (2021, EJS; no dilution)

R
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— R mER

cg(x): cheap +——— expensive
=A% Gdesign +— ? — R design
o BATETHM: k>3 K kg>1 R kg >1
o MEBEFHIE: (BAaXNHEL [z, xy] BRI T, ZugEHRA])

S-H Huang (NCU MATH) Group Testing



o MR RTAAUT 3 4&:
o R design (kg = 3): Huang et al. (2020)
o G design (kg =1): [1-D] it — XA
o RB design (kg =1,2,3 B kg =1): [< 7-D]

o I %5 Tt i RUE Bk

#e AER design B4

BN 2 (Ror B) AF E4FE EHME [< 4-D)
FREEEHRAAT CEFEIRIER/RB %3
T2 & 3 BAEBUHL

Fo s 42 G 3T B

G0

S-H Huang (NCU MATH) Group Testing Aug 24 46 /52



Example 1

L (p();plapQ) = (0067095a095)' [vaxU] = [1?50]

@ cg(z) =(1-¢q)+gqz, ca(r) =q +qz, cg(x) = (1 —qg+q1) +qz,
for ¢ =0, 0.1, or 1, and some selected ¢,

Case 1: ¢ = 0 (subject cost = 0)

R assay cost = 1, and G assay cost = ¢q; = 1 to 20

Group size

50
40
30
20

10
1

@ x

10

Gold standard assay cost

S-H Huang

(NCU MATH)
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Example (cont.)

Case 2: ¢ = 0.1 (subject cost = 0.1)
R assay cost = 0.9, and G assay cost = ¢; = 1 to 200

50 - oo o
40

[

N PO

® 30|

Qo x %

3 xxx

o 20 x

(0] x

N

102290 0 0 0o 6 o 5 6 0 0 0 o 6 0 0 0 °
1 @ 0 ¢ o0 ¢ 0 ¢ O ¢ 0 ¢ 0 ¢ 0 ¢ 0 ¢ ©

@
1 20 40 60 80 100 120 140 160 180 200
Gold standard assay cost

Case 3: ¢ =1 (subject cost = 1)
R assay cost = 0, and G assay cost = ¢; = 1 to 360

50 o
40

[

N P

@ 30 D |

S O

o 20t "

o —
W02 %0000 5 o o6 o o o o o o o o°
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[HTML] Blood group testing

HY Li, K Guo - Frontiers in Medicine, 2022 - frontiersin.org

Red blood cell (RBC) transfusion is one of the most frequently performed clinical procedures
and therapies to improve tissue oxygen delivery in hospitalized patients worldwide
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Group testing against Covid-19

C Gollier, O Gossner - 2020 - econstor.eu

... Itis well-known that group testing is an efficient strategy to ... We show how group testing
can be optimized in three ... For an infection level around 2%, group testing could multiply the ..
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Multi-stage group testing improves efficiency of large-scale COVID-19 screening
JN Eberhardt, NP Breuckmann, CS Eberhardt - Journal of Clinical Virology, 2020 - Elsevier

... of group testing, using pools of up to 10 samples, has recently been applied for SARS-CoV-2

PCR [6]. More refined variants of group testing ... Herein, we develop various group testing ...
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Optimal group testing

A Coja-Oghlan, O Gebhard... - ... on Learning Theory, 2020 - proceedings.mirpress

... Adaptive group testing. In the adaptive variant of the group testing problem, several stages

.... Apart from, naturally, minimising the total number of tests, in adaptive group testing we also ...
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Evaluation of group testing for SARS-CoV-2 RNA
N Sinnott-Armstrong, DL Klein, B Hickey - MedRxiv, 2020 - medrxiv.org
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https://towardsdatascience.com/introduction-to-statistics-e9d72d818745
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