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Abstract

A sequential test is a multi-stage sampling test which uses the testing strategy of “try it, see it”. Since
it can significantly reduce the expected test sample size and expected test time compared to the
traditional sampling test with fixed sample size, it can save the test costs significantly. Sequence
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test plays an important role in testing the quality and reliability of products, and the efficacy and
safety of new drugs and new vaccines. At present, sequential test is still one of the hot spots in the
area of sequential analysis. This paper presents a literature review of the sequential test. Compre-
hensive relevant research results in this field have also been reviewed. The basic ideas and sampling
principles of the sequential test have been discussed based on measurement and counting types.
Furthermore, the optimal truncated sequential test is discussed in more details. The superiority of
the optimal truncated sequential test is summarized, some future research directions on the optimal
truncated sequential test proposed can provide references for the subsequent research.
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ARFTREL, N7 ORAERS b B R B A A 7= 7 S A 7 B ESR T8 S e 7 i T A S SO X R
T AT SRS REAR B0 (1] A T ARAEAS I6 R S24T, o200 B b 1) 5 7= o o) St B AG 36 R0 7 6
AR T — SR IG R B . BRI I R (N T H ), R K a0y S i (R
A T &), R b A BT BRI 5 AR RS AR UE AR P O S T RIS R, R Be A Ak MR B A
A 5IGHT R, AT HE— 25 I A

TR, 8T REE TR IR IR 2R, Wald 25 AR BT T RS R e i B R B
. 94, PR OSRERAGIEN - ANEESL, W ZEHTRANT. BT, RALE
TAEAIR[2] [3] [4] [B]. Stkgcrilil e it A BRI AR, 7S me e AR, mes
UAMEL— N2 NREAR,  TESMEG I AR TP AR 2 BT R 30 45 M B2 52 . TR A B4k Sh I i A, 2 —
FhIE 2 U RRAS 30T 51 B R 3 RRAS 367 30[6]. TR “RiIXE, BEWR” MR 5, 7£oF
T &ARE R ECR ARG S, A TG E e P AR AL, 5 oA AE M i 3 A8
FAE R INER AR 45 2 A58 KT, 5] B B KM 2 R k2>~ S50 3R B0 A A i 5 P 3 R B i m] [ 7] s |,
EBRbRE 1ISO 2859.5 FtH, — AN THL R 05 TR I 5 S AR T-4% 5 1) ] 5 i 30 B A A FE R 5007 &8,
AT P 5B A AR & A s T Ik 80% LA 1-[8].

B L 3 AR R 6 77 22 (Sequential probability ratio test, SPRT) 2 1945 4F i1 Wald & H i) —Fh L4 ¢
TRk, AR T R A PAT I E M A [9]. SCRR[10146 HH SPRT FEMF AR 56 264 T R 5%
INEPEERRIGFE A B RS 2L, FIRT T SPRT Wit e, tHE M L& S T S8, #HosH T %k
FUEIRAR S (5 53R 28 s I 0 T S MR . 75 i b o 5 WO i2 W & J T [14] [12] [13] [14].
AILAUL, SPRT JUTid& FH TART 40U . AT 1] B A (R BEAG 50 o {H /2 SPRT [AJIN A7/ —LE R [, h T Mk
LSRRG, JREEHEA LAEE XS SPRT AT 7 ot 504k, T2, ASO 7 ST S AH O = ]y A 55l S ik
ITAREE, FER AR 77 13T M, A5 B RRNE O 5 St 0 SR S S AT R
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2. FREBXRILREHELEE
2.1, BERLEERIS

IR0, BURREUE —Fh e Tt A S50 R B, HF IR i 2 BE ML AR & 008 2 st
KENSHEI AT RENE[15]. —HHL =144, Neyman 5 Pearson $& H —Ffiig it (I Bk 56 (1) 5 1 A ALSR B
g6, R HFR LR LA 36 16]
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L(6]%)=P(X =x|0) )

HIELA LGt &
L L(6]x) _ P(X=x]6)
L(6|x) P(X=x]6,)
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2.2. FREEERELE TS

Fr B LA 56 tH I BT — RV 360 7 2 B, BE AL 7E 1926 4 Dodge 5 Roming X 7 51
FI6 5 AR BEAT AT, B2 B 221 [17] . Bartky 2 Hl—Fli 5 SPRT J4{BLA) 2 vk 74 [ 18] -
Thomson $& H T Y BURES 12555 [19] o AHZIX S 7 AN BRI ILT BT T IO 34, 5ok AL Wald X LR ik
KA 52 PRI 7, R TR K. SORIRR AR, 5 R E T
HHIOAT I Ak 22 5 7 LRI, SR T A LA B0 (B S IU B A IR IR R, TR — BRI .

XN X B —RFDWIEA X, Xy, X BRI R —IRAURE . 3 TSt Rk(1), 2458
i ORI PR ABASA LE R A «

. L(6] Xy, X500, X))
CL(G] Xy X X))
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2L WS KB /N, FATT AT BU A LS I e A2 BAR e B B e B PR, (HZ 2 L A KA
HIANREMCH g, S AREE TR — KA . X TR I H A, B P STRER LERT IR AE 5 1 UL A1 e A
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Figure 1. Schematic diagram of SPRT with
binomial distribution
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Figure 2. Schematic diagram of SPRT with
exponential distribution
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Wiz is T &AM, B SPRT [FII ISFELE— LB, Ehin gkt X M AE AT, 55 S86R
Bor [ ek . AR T SE bR, BhAh, SRS e R AR R IOAT L, SPRT 7E(6,,6,) Z i
HE 6 P B A A B ST K [20]

EI %} SPRT LLEBkiE, V2 #E i HnIsahik. H, Anderson #2H T #W ) SPRT ik, %
J7iERAE SPRT (Al F i B igere AR EIRME, Mok T SPRT IRXERFEA Sl KiX — 6B, (H2xT
FETTREMRER (6,,6,) 2 P L 25 1) P SRR B0 A B X — ) AN A5 R E[21] - Kiefer and Weiss |
DU T79, SR 1S AR R 1) 77 A5 21 P 25 AR A M 2 ) i) ) P BEREER LR 56 (G-SPRT) [22]. {H2
SCRR[23148 A% T R R R A, AR T S2BR8 ] . Donnelly $2 Hy i 5 26 A0 58 B 264 B AR P SR G 77V, AT
DL AL AR P SPRT BIRIRE, (HJ2 1% 75K IH LU R 4% [24]. Lorden 2 TR A 5 ¥ ES-H T 2-SPRT %,
2T VE BRI OB PR IR SPRT 43 2 ()P 26 AHAZ B 4k[25]. 5 SPRT AHLL, 2-SPRT fed% il ik 4 i+
A FRRAE, [RIE B SR AR DT 4 A AERAESEBRR A 2, 2-SPRT A KAEAS S I # Hil ) SR AN BE
R B A, LR AT BT 2-SPRT J732:[20] )7 51 I AL 365 (SMT) [26] = M A5 (triangular test) [27]-
Pocock [28] 458 DA A STHR 2914 H i — VI 2 2 #S Re ik B0k fe R K 75k B A H H )2 — Bz IE XA 1)
SPRT (Wald SPRT with trimmed mean, T-SPRT), T-SPRT M) 2, ¥ E 5 bnitk 5 [ brbr A1 1 #5 2
T-SPRT. Ebum47i i [ brkruE IEC61124 [30]. 1EC1123 [31]. EH % FkrdE MIL-STD-781D [32] &3k,
[ [ 58 % F AR GIB 899 A [3312: 1)K T #UE M) SPRT (T-SPRT) 5 %. T-SPRT R~ = K WA 3.

A
T

Contine  testing

Accept E

v

0 Number of failure m

Figure 3. Schematic diagram of T-SPRT
& 3. T-SPRT A R~ EE

{H/2 T-SPRT AERILHIE R F IR T7 %, N IEC61124 L) T-SPRT J7 R A7 AEAL I /KT
AT B, DUSAT- P05 R BEIA B e NEA L « IBAHAREII T A R R IR 7 ST AR 6
We? 7" Bz HIU SRR MR AL 25 2 IR ACT I DL T, SRR 7 SR IR 5 SN %R A B/ M)
IIRIR I [8] 5 TSI . R, A0 fe e AR P BEAR 06 75 SR AT SR A2 e BURLIS AT 7 v (A% L
. SCHR[BALEIEA N A BRI A, A TR SRR 1T 7 RE, (H2H
TAZITIEN F BREARZ BT 7R, it TR R AR RN . SCIR[3515T X — I A il D R S 4
Bk e, JBR T ANAT VR, (2 W] VARSI A BT IR OR MR IR Ry SR e g, (HR R T
PEEERAR I FAE N TR BOK R PP S MU IR ISR . SCHR[36141 X — 3o A il Th R S B i
K, R BENUES S et st AR R SO IR AT (AL Be i, IFihig Tk FreE T HeAd oy
AR T TRV P S 6 SR R AP AE T AR A SR, SCRR[37IR S 2R RERBE IR VAT
Rz, FFIRAIE T ZIHER ATV S HERE . Lai TR IUEIENE, 0 IS A ES R e B it
ATWEIE, (HREIXM S T SF AR RN, HAEIA BT IE[38] [39]. T2, STHR[40]5[41]¢EsEEEAt A
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11 Bayes tRHCHIE , 12 H AR50 B R A PP LR AL S0 BEAT SRAR . SCHR[42] @ LA (R HEFPA(SSSM)
X I IR SRR BRI B TR . 2OV E R AR AR LT R R, RAIZ S
WIS R TT SRHEAT SR AR, 8 7P SRR A AT 243K, LR FE 518 T AT Xk, /s 1t
LA, 6 CRTIE. SCRER[43]58 M, SR SSSM SRR B U IR EL T-SPRT,  RE™ k542
PISEE IR AR AN I 25 e R B8 /KT I AT ROt P ARG P I R A & P2t ). AHLE SMIT,
SSSM F£ [FIFE IR B8R S REAC AR BT REA RO AR o8 (1T 2 i A A

32. BEFREHHIENX
AATEET TR B AT R GHBUR T TR B E o
MG RB(L7), AU AT R HORE A a0 T BR A -
a'=Pr(reject Hy|6,)<a,, ' =Pr(donot reject H,|6,) < 5, (25)
TP SRR S TSR S0 L B AL | MRS AKF, IRRR AR 5 4 SORKY, FoR 247
(¥ M-TTF 0 CsFIHEE 6, I, 0BE 7 E 0 LIR . B, WIREE 1 SREHRAE KT, IR fE

T340 R, R i) MTTE @ 2 TRURKT 6, 15, A48 17 252 i IR .
8 X, (n=12,--) FISLE AT BEAL AL 85 5, HE AR B e Mo (16) - 2 X, o™ b Sl Re A e

A A, WA PR RS T, :_ixi » FORER 1 AT RO ) BRI ). EAR
b & (n,T(n)) H, GEiHR I (L7) R P A e X
EXL WU, U 5L, L, L PSR, AL
L<l.
L <U i=1,2,--,1r,-1 (26)

L, <U,

AM=inf{n|T, >U or T <L, ,n=1--r}. X7, <L, B, FILEREHELH: 4T, 2U,, B,
PRI IR H, o ML, <T, <U, (n=12,-, 1, -1) B, k8550, i
U, U, - U
T =[ . ’°] @7)
L L - L
WFR T MBS RS, J, U U, U 5L, L, L 23008 T oL 5 Lig i) 5164l
FHRSY), 1, <N AREARREREM, U BRI,
4. BEFRENKREREKRBERZE
BNASFRINE G A TR HE P72 H A b LU F R R R 7 SR A 36 i 77, iR T i AL
PEFA S 4T SR o 33K R o D7 ¥ ) SR g 25 R R T T S (0 A1 4
41. BEFRZNKRE
SPTREAL AT EAERE T AR T, IR0 R SRR AR DL A BRI I ] 1 A
TR BRI . SCER[42]25 HARRES RV o', ', LRZRE T3 R o8 15 [A] (Synthesis
expected test time) SETT E(7) S5 FEARGEHHRFAE & 1 THE Rk 20 45 TR HEUR 7 BRI (158 3L
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SEN 2 AEREARERE o LRI I U, 452 AR AE T, IRGUTH BRI (L7)i 2 A0 P SRR R A PR Al
SRAFB)ITTA IS T R B S0 )7 RITA R G N Q, « A E Q AR, B TP (.U, ) 2, X T
EBMT e, f:

E(e[T®)<E(<]T) (28)

WFET® (U, ) KT L F AL AR B % (Optimal truncated sequential test on boundaries, OTB).

XM EREARBRM Y, E(r) NEBENMU, XK. FERU, #7EER, FHRMEE(r)E
BFli/ANAU, o N, ST R RNV, SRR P SRR T SR E LT .

BN 3 T EMBEARSREM Y, Q, NGB T)i LR H & 125K FTH OTB T° Frdlai)
o, M, BN, EHT° (n)eQ, g, MEEMT eQ,, A:

E(dT°)<E(<]T?) (29)

MFRTC (ro) AT Ih i E AR IR 7 5 S 36 (Optimal truncated sequential test on truncation time, OTT).

4.2. HAR=EHFE

SCHR[43]H 45 T BUR T SR IR 7 AL SR MR R L ~F 35 R T8 i [A) () 1 B Rl s DL R 7
TR IR ARG E X, X BEADHR . TR A AR H SSSM HEAT R AR D B%

1B HEVIE T R T, . WETHRIR 7)A€ MR RIKT (g, By) » KF SSSM SR it 7 S i
THEMENE T ET,, HFHHL ' (T)Sa, 5 B'(Ty) < B, » & Epstein 42 H 7R & SRR 567
ET ARG T E[44):

u U, - U, U
-I—Epz[ 0 0 0 0 (30)
0 0 - 0 U
b, FEAEBURAA r, B R AR (1) E -
Zs 21 90
Z*ro > 70 (31)
//{12—,6'0,2&, 6,
TR U, it (32) W
_I;O,Zro
U"D - 2 (32)

Wit A AR v, SEURRRIU, 5, T T UATRAHR MR, 25N TRk T (ap B,)
RIT= (r, U, ) ATHES OTB HATRARIGVIE, 05:

u U, - U
To= (32)
Ll L2 T Lro

82 0 FPUIREATR R B EULALEE . SSSM RIFRAL T SR TIZ A =, i B4 7E
RSB B AT, TR 7 20 R A S o) Y A b B

U, =round (i)A
A

=121, (34)
L, = round [%)A
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Hor A> 0 BTG E K
535 WASREREIE . SCIRA1EEE], X7 RO T 40 LR BRI L

T U U, - U, U-Aa U, - UrO
- 35
el Lo L, L oL .U (35)

i i1 o

(36)
L L - L, L+A L, - U

TOLJ :(Ul U, - U, U, U, - Uroj

KPR DEARE 20 T3/ N AR 2 | SREE R 5020 11 SRR ML, (B2 TCiRml— R AL e
A LA R SETT E(7) o BEUbeh Al AL AR AL R B, H P B R I RSB EAT A . 3R
IEAN:

I:E(T|T) E(rITy, )] [ﬂo £(T)]

") o
s [ (z1Ty)- (T|T1L )} [ao )} .
S P o | R e ©

54 b AR TE R, KEXTAU, B SOk E T RIENT,, EEDIE 3 E@Ja'(Tq)ZaO&
ﬂ'(Tq)zﬁO%JJto 75 380 35 2 0 T 2R 4 R 1 RE 2R 8 /N T SR TR 30 KT (o, By ) M BB IS — SRR 7 R
T,(p<a), BIT® (U, )- me%%ﬁ%TBE’J%E)%ET@U ML TR, SR SETT S/NER
AU, o Fib, SRR SRR T RTO(r) .«

4.3. HSHRE

AR 7 “ I e Hgh 7 (0 AR 7 51 e A — i B R R AT i /MR T A~ 34 1R I
) B fe /N R SR S o |l T2 RS SETT iR B Nk SG 1 7, SCHR[40]5 Nhitk B H 3l 7 @52 1 B4
/MU R BUE T 280 HIJCIMEZR . BEAT 5 DRG0 I 0 = ol ke S5 Pty SR PR IRUIG: DA R A B0 A0 58
L 1 SREHR AR BT RERIA . Hrh = A XU 23 ) 9 -

T2 Ho XU < dg
T3 Ho XU < dy (39)
LIS B B R I 1 XU < d,
REEIUEE 1, 1 REHR R
ALES | AR AR : P, {Reject H,}
{éBﬁ%‘ 2RSSR 1 P, {Accept Ho |

L P(6[T, =t,) 5 P(AIT, =t, ) FREE L BT, =t, I 6,55 6, R, BEMklriA R

(40)

ﬂuTo
F 1% MBOAR S . EAMIRSE R TR, B DA A A B B H IR,
HAEE AR 23 )«

{EW (risk| Reject H, ) = d,P" (4, )
(41)

|Tro =tlro
E") (risk| Accept H, ) = d,P") (6,]T, =1, )
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TEFEA AR ry 42 1R e R R S B2 XU S AT e, AT
E" (risk| Reject H, ) = E" (risk| Accept H, ) (42)

SO AT SRR H T 5 N 2
u, =t (43)

o o

82 W n-1BOAR R E . MESHET, =t . W RRERNBA =k, X4
Y BARSE H o I BT A S 88 R A«
E (risk|Reject Hy ) =d,P"* ™ (6,[T, , =t, ;)

(a4)
£ (risk| Accept Hy) = ,P ™ (0T, =t, ,)

2 Ak SRR 0 o 7 2 11 PR DA 0, 75 98 o 7~ 40 6 ) XU DA TE ) A= 2 () AL 2R 2 11 3 2 XU
N:
S (risk|Continuing test )
=P (6]t,1)xdsPy, {T, <V,

o) (45)

o)

tro'l} + P(ro_l) ((91|tr0_1)>< d1P90 {Tro > Uro

+PO (Gt 4 )xd,P, {T,O T

o} + PO (O]t 1 )x Py (T, ~ T, s

GRS G ) BB AR A5 T4 32 H BTSRRI, W] DA E B 5 RO

Uya =t (46)
24k S0 R R KU S5 TR 2 H ISR ARSI, w) DA E R 5 RO
Lro 1= tro -1 (47)
TA
} Uro
7
U”o.—/
’r'o—?.
Q
i ?L"(rl
0 r(:-Z r(;-l 7y >

Figure 4. Schematic diagram of dynamic programming method
4. FISHRBRIEE
530 LARM B SIITE. FATREOREI S -2, WEEIRT, , =t , . MR ERA
B B AT AT =R e s, U5 AR A TR 4852 Hy LSRS0S, 52 BTANE], i 4k 2256 ™ AR 1)
RV L5 7E vy — 1B Bk SE iR i KU, 4] 5 TR R A e RO JE 4RI S, B3 ) 3] 28
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