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Identifiability of Identifiable VAEs under Noisy Auxiliary Variables

EEET
Takumi Takasuka

Abstract— The latent space of a variational autoencoder
(VAE) changes with each training run, hindering interpre-
tation. The identifiable VAE (iVAE) makes it interpretable
and identifiable through an auxiliary variable, but how
accurate this analyst-chosen variable must be is unclear.
Defining a transition probability matrix between its true
and analyst-given values, we show that its rank is the main
factor in identifiability: differences among latent distri-
butions conditioned on the given values span a space of
dimension one less than the rank, identifiability is lost at
rank one, and the rank bounds the settable latent dimen-
sion. We assume errors depend only on the true values; the
rank is unknown to the analyst.
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HHENT I p* TOEHRDOFEXRE. €% CIFAR-10N O
AFF 0L 5 ZEOFER GAZERIE sced DIEHERE),
NFZOHETEEH A & o 2S5 THE LT
€L AOHENIEE R EITOFEIER D .

p < 0.7 THEROERITH - THED 273 (FEI3HK 0.032),
p=0.4, 0.5, p> 0.8 TIFHEGHEXODEFEXE DI
»H3. EHllZ p* =09 THRAD 0.088[0.082,0.094] %
b, ZORTIEEUEZS (p=1 T 0.147). p* T
BEHI S ROUBEDO 5L 2N 2O THEREIX 0 TH
5. EHoD 0.088 IXAREARIC X ZETH 5. HEmfED
COEERRES p* OEFETE, BRFEDEICE Y
%%, FEAOMBEY, ZORXTHWHADRS ZLIX, ¥
BLEHEIDHTHRI0DTE LB ICH N,

KEERK. CIFAR-10N[3] DAFF~L 5 &4 (3 2o
ZRR aggre, % 1 % random1-3, IED 1 E worse) %
i ¥ L, WEH A ZEHTHEE L7 (R OE DAY
#0.088-0.399). X2 kb, SEHFED R H S 0FNE
B & UCEHE L7 Tl (B3 Lofi) 13, 5 /5 XTT
FH% RE 2. HEEERIC X 2608 OFHENCE &
Z % &, FEl e ORI 0.0957 205 0.0222 NFid
T (MEDLE 4.31, 95% (SHEXM [2.83,6.95]. k=2 T
7.23). FEDIZT R EEOEWICEFLTED GRD
BHEY [, FE#O Spearman B —0.46-—0.75), 2D
SA—RRITE R 5E X D fEAD/NX V. FEl e FRloZE
D 95% ERIX I, worse (40.053 [+0.019, +0.080]) 72
0 EZEERN. BB 5 EMFIEE—O 3 HOERICHK
L, 377z 5 BoOMETIER. EREHEELEZ A O
BUE S > 271352 10 720D T, TDHEENT rank A > d+1
12 & 2 HERRED D SR,

B2 CCN ZME LTz, (v, 0) XBEELTHEDZ
NVDOANRITEBERAZEIL, 0 O 2 NOKFELZ T %
BLURESR NS, HErEE, Sz~ o
BEFE e mE s O TRl OlEE, EOF~LZ 2D
A O BERECEI D, 85~z oW TF



BLIRETHS. FETEIT p<0.05 72> 7z seed
%, Eo 5 &HolEC k=1 7T 0/6, 6/6, 4/6, 6/6,
6/6, k=2T1/6, 5/6, 5/6, 6/6, 6/6 Td-7=. GF
2E|TIZ k=17T0/6, 0/6, 0/6, 6/6, 6/6, k=2 T
0/6, 0/6, 0/6, 6/6, 4/6 TH D, FEHENIFE D EHILIR
TH3. seed Z¥ OBMEISEMOWEIZLTES T,
ZDEADBEE L RN DOFGIIFT TR, IR
DI DN T 2D D seed X, k=1 D
FESET 1.14-1.34, BFEREIT 0.96-1.26 TH - 7z.

5.3 HIRADKTEF

M EDOFRE, BFT 2HHRIC L o T=21Zmh 5.
(i) R7 D (2)-(4) DFEE ARIC X 2HEHOTE, &
EROMREBZF TR LD, BIOEER A 2 HEICE
fATH, rank(AA) <rankA KD Z > ZFEIELZRWV.
(ii) 7% b OFERIE, fE 4 2@ LT (8) dAIZ & CCN
WHIET 5. CCON DI D 77272 Th, (i) 3EE%
. (i) @ 5, 8, % 10 OO LT i<
X BEHfiE, X HIWERETMCKET 5. FEHIIE
EETADIL, WA HE p*(z | u=i) BB LT—
M THHZ 2T E2HVS. £z, R 10 72T
FREERICR SN, fd A o ERbRV.

6 FLHCSEDFE
ARHNIHENZ R D IR O E & BIHIRE O ME DA K

ETNAEREE, MIERLEFDOFDORT, Bllo~LZ

& DWTEITTA D7 D —RAE B RIRD 72 3 24 D RITH

rank A — 1 IZFELWZ 2 2R L7z (EH6). ERAHEIE

I(u*;9) =0 D Z2IIRHiEEx 3.

—F, DR LU THIBERMED T 7 4 VE%
BRONTHEU D DICEZE B &0 D EKRTOFAIATRENE X,
FCIEME OB Z ~L 2 DD 2D — GG 2R D
TegZE C S (A 8). rank A A d+ 1 @D
FAUE, BT RUICED I RLDIERDE > TWTH
FECIEEIC BT 5 TP D Y2720,

AFROFER I, UTORAYD 5.

o TEHIIBHEEOEEXEFNMCHLTEY, Ta—X
DIERRIENE, NEUELLE 2D 5 ELBO D2,
BREADMEEZE L2V, EBEO iVAE OFHUE
EPEBEEORLE[E Y — 3 2030 RE R T &S
3. EEB D worse Tl ¥ EHlDZEDEHEXE D
0 ZEFRVDIXK, ZOEWVELYL, CCN O, 1K
B g, OFZEDOWTIPICHKL S 3 (Zh o35
LTWiWn).

o ERETNIZ k=1, EBROLYa—KI3 ¢4(2 | x)
THD, 2] DFELE (k=2, qp(z | z,u) LIEZERRS.
FEBIZ k=1 1CHIZTEBD, k=2 THHEDMA
XIED SR,

o CCN IFHMLTH Y, EF—XTIEHD Lo TV
V., CCN ZA L7k 2D ENZ T E D
LM - TEST, CCN 2EMELIE IZFERL
W, IO BEBHETOREED, A Dz ITKTF
FTREERY 7 T AAANDIIED [T o TV,

e rank A ¥ 7 IO EICKRATHD, EOIF)LRL
I 282 FERIEFEZ TR, FHEdEE L7
AOBIES > 71312 K THY, rankA>d+1 D
HEIREZ 20, K 1IEEEROFETH D, 28
BAETNLD D IEHl-> TWiwn,

o MEEDRT, BT NLTEREDT LB ER1OD
e DBRIEERL L TV,

o FEMIXBELZBMIERE L & 2RI —MBlbTE
F, WEBIC LSS ¢ ODEITTOIES T TEEB D
REPI BT 2EHR Wb,

T2ENCE, HEICH WA N EBIFER D RT3 E
BB ADS Y ITHE. ZOT7 V73R ETEBBE
KD LREEZ 3. 721L, HEDTHEII5HDOR
HTH 5.
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