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Algorithm 1 £ & T

Require: Labeled batch X = {(xp,v3);b € (1,2, ..., B)}, unlabeled batch & = {up;b = (1,2, ..., uB)} , where B is the
batch size of labeled data, u is the ratio of unlabeled to labeled data, unsupervised loss weight w,, , disagreement weight &
, FreeMatch EMA decay A; , MarginMatch EMA decay A, , weak and strong augmentations «(-) , A(-) .

1: for hin1to 3 do
20 4,5 ={1,2,3}\{h}
300 Lh= L8 Hpy, ol (yle(zy)))

4: Compute 12186(1') and 149

Free

(7) using 7% 2 for the remaining heads ¢ and j .

5 Compute APMIEfi(ub) for all classes ¢ € {1,...,C} , heads k € {4, j} and all samples u, € U using Eq. 3 and 4.

6: Select I and compute W, .,;:; using Eq. 5.
7 Lhy= s 00 Wi - H(@, QF)

8: end for

9: Compute 'y,(f)c ,k € {1,2,3}, using Eq. 6.

10: L5 = Zke{lg’g} Ly and L, = Zk€{1,2,3} L
11: £:£5 +wu£u

3ot M B T D AT T 9T 8
FEPEPE £ = 5 TSR, FATHRE T AN
o T I bR A T, BIMiEsS
UL R S O bRAE Bkt . 53— 71T, Margin-
Match W —/ 851550 K10 TS TF 46, 348 1
05 FTAM LM, [T Bt — A ALV T 4 4
PEOORAEIL A BN, SRR R
5. B MRS DRSO, Bl T
BRI REE T 0 1 R 5.

R 6 R TAERAR ¢ i, B LK 2
EEREL h RIS ¢ ML ) A

7,(:)6 = maz (0, perc ¢(

Un {APM") (up) | 155...1)  (©)

CHp e, = @b =ab = d.{i.j} =
{1,2,3) \ {h} AR AP SR TN D528
C

B 5

3 5l

FATPEAL T FATHY MultiMatch 5595 75 4 i
SSL ELifEi 44 b kae. BAOkUL, 34
{#i ] 7 USB Eiif (Wang et al., 2022) , %5
RALGE . T AT S P R B 2R
BETFRUELL I PPAGHESE . FRATTHE USB du 5
W HREF LR (NLP) Rl gk BT TR
] £ S AR ICHEAS ) 52 - IMDB (Maas et al.,
2011) . AG News (Zhang et al., 2015) . Amazon
Review (McAuley and Leskovec, 2013) . Yahoo!
Answer (Chang et al., 2008) F1 Yelp Review (As-
ghar, 2016) . 75 USB 2 &4 511 16 4>
SSL ke TR BRI AR e, FRATERIFH:
JRURSEIR I EAVEB . X HPR T IPAL A —2
T, EFE{# ffl BERT-Base (Devlin, 2018) JEX 4>
TG RIRRANE R I T M %, SRRRIZE- 16
UE-DR ) B dal 4y, g 2R B AR IC A R bR DA
BE, PARITAEWIZGE S5, RATTEM Sk E
TRt TR G THE BRI EE, HAEM
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Dataset IMDB AG News Amazon Review Yahoo! Answer Yelp Review Mean | Fried. | Final
# Label 20 100 40 200 250 1000 500 2000 250 1000 error | rank | rank
Supervised (Full) 5.69015  5.72013 | 5.780.07 573011 36.450.05 36.4005 | 24.8700s  24.845004 | 32.04003  32.04003 | 20.95

Supervised (Small) 20.31279 14.02¢22 | 15.06s108  14.25097 | 52.31s128  47.53060 | 37.435020  33.26901 | 51.2200s 46.715037 | 33.21

AdaMatch 8.0909  7.11%02 11.735017  11.22¢00s | 46.72:072 42275025 | 32.75035  30.44%031 4545096 40.165049 | 27.59 | 5.70 3
FixMatch 77203  7.33%013 | 30.17as7  11.71s105 | 47.61c083  43.05¢054 | 33.035049  30.510s53 | 46.525094  40.655046 | 29.83 | 8.70 | 10
FlexMatch 7.82077  T4lwss | 1638394 12.08073 | 457306  42.25:33 | 35.61s08  31.1350as | 4335060  40.51s034 | 28.23 | 8.20 8
Dash 8.34w0s6  7.5553s | 31.67s1319  13.7651.67 4715074 43.0906 | 35265033  31.19020 | 45.240020  40.14079 | 30.33 |10.30| 11
CRMatch 89658  7.165000 | 1228443  11.08¢124 | 4549008  43.07:05 325104  29.98w07 | 45. 7106  40.62028 | 27.69 | 6.40 5
CoMatch 74403 772014 | 1195076  10.75s035 | 48.76:09  43.36%021 | 33.48051  30.255035 4544112 40.27%s1 | 27.94 | 7.10 7
SimMatch 793055 7.08033 | 14.26s151  12.45037 | 4591095 422103 33.06502  30.165021 | 46.12:048  40.265062 | 27.94 | 6.60 6
FreeMatch 8.94021  7.9504s | 12.98wss  11.7306 | 46.4106  42.64006 | 32.77026  30.320.18 | 4795045  40.37q0 | 28.21 | 8.40 9
SoftMatch 7.760s8  7.970.72 11.95027 11.72a.58 | 45.29095 422102 | 33.07031  30.445062 | 44.0905  39.7640.3 | 27.42| 5.70 3
Multihead Co-training | 8.70sw0.s8  7.46%06s | 22.72s00  13.48as1 | 46.22%070  43.075079 | 35.170s8  30.815028 | 46.466128  40.79049 | 29.49 | 10.50| 12
MarginMatch 7.1903  6.990.19 |10.65 w019 11.03%099 | 44.81c123  42.145067 | 32.08070  29.55s0.15 | 4293648  39.13034 | 26.65| 2.00 | 2
MultiMatch ‘ 6.89 w07 6.98 027 ‘ 11.1409  10.59 <066 ‘ 44.43 w98 42.09 <028 ‘ 30.90 070  29.39 <039 ‘ 42.16 w079 39.08 <0ss ‘ 26.37 ‘ 1.10 ‘ 1

Table 1: 7£ IMDB. AG [, Whidhitie. MELE! MR Yelp iEEHdnge Flatas g, MmN FRid
RN . TCERRESSRA 6 el . SEBRFARIEM R G RN,

S D R A TSI R E Y TE 2 A

X TAE USB A sZHL Yt BF B 2 Al SSL B
2, Aok B USB GitHub 5 i 1) 45 1
Ul R R RN, X g R L
Wang et al. (2022) f )i &5 1A oot . x5
i 2 A2k (£ 3LEe &4 A1 MarginMatch)
PAJz MultiMatch, FRATRFSLELES N3] USB HE
) ISR LI A R (6
FHIFEIE A ) 4T 3 WisfTi 4R, BT i
5 W E R RSN, AT B
() Friedman #£44, BIFE TG %55 o 09 -F 2 HE
4 rankp = % o rank; , HHm =10 &
fliR B R, rank; EHEIVETES ¢ DRE T
HE44

FUETE H ARE T AL EE b i) 2 M B2 ST o i
WA U B TS, P2 LS S
Ao BRI R A AP . A,
IR AR T S FIAEAS Pt _E IR 43 2250t
ZHRBARE, X— Mg TR |
VESRVLTE I, PR e i) 1 1 A R 25 B
o T[] PR HE RS 2 38 22

AT ¥ MultiMatch 7685 N P-4 17 50
FEErE, AL T ABC fEIHE LM
i{) (Leeetal., 2021) &8, f# T3 H USB [
AL AN A . BT RATEET
AP, AT R AP, Hdgk
s R B M RS B e/ DR B AR N2
Kb, L HEAREERN Ne= Ny -y o1
, Hp O 2R, ce{1,...C}, FH
V= N5 RIRKRA G BN R AR T
X REAEAREE, FA1H WA BT
WE: HiE, A1HELEA RS IR S5
LMK AP fEXFME T, A
B AT FR v = 100 , FREHK/INHK
N1 =1000 , f/hJH No =10, 3 HIoh%

! https://github.com/microsoft/Semi-supervised-learning

EORAWEREGH 10 R T2 M
B, WOVREARERI AR, H
A — A TAREA TG 1 v = —100 ,
RN R, H e A b idnde
AR I TR S A 2R A R AR
PEf o AR T — Rl Ol RIEhRasiikt
PR MA b idn e b R, 2R A
nfgsE A,

1 SSL RIRTEA P 17 00 T 9 R B 578
PO AE, I HAEA R i
R BPERE R, AT B G — R
AP 2 2] (CISSL) J7 kR Al 4i /)

RX—ZHE . BT HZEENE /%S
PA ) SSL SRR JesE Sl —— ATl i AEA

PHE DL | ABC (Lee et al., 2021) B458RAEAS
M) SSL &k, #EAT TAAMY L. H X
CISSL #il ABC fysE L4077, ES LM% A .

4 HR

Fetk 1 HRIR THE USB Bl v i) SCA 73 255k
PE4E I, MultiMatch FIHAh SSL 77 ¥5 ) LL#L
FAIEERER, MultiMatch —E AT i 3
4, 75 10 MREHR RS T 9 bR, If
H AR Friedman JI3{7E 19 /> SSL 535 H 4k
HE—. BINEHE AT, BEY
FER R AT AN 0.28 % B, (HFRAIHE
BE|, YAREREEARER DR, SRR
o BHUORUL, FERREMRET, MHET
PR Z AR RS L, MultiMatch A Fb
MarginMatch et R 0.43 %, 1 )5E N
0.14 %,

T AT R AT YA B R R B
Fe AT %L 3] MarginMatch — S {; T % Mul-
tiMatch Z /MW RTA J3%, XAk TR 7 s
WEPE AT PR 2t e B E . M2, £
S W[l 125 A1 FreeMatch 4y 5l HE4 o4 127 Fi
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https://github.com/microsoft/Semi-supervised-learning/blob/main/results/usb_nlp.csv

AG News

Dataset
-100

Amazon Review

‘ Yahoo! Answer ‘ Yelp Review Mean

Fried.

Imbalance ‘ 100 100 100 -100 100 -100 100 -100 error | rank | rank
FixMatch 49.95:006  49.92:0.14 | 3195530  36.09%.50 | 64.69092  61.93uar | 51.64075  52.78s4s | 65.57a10 57.43w22 | 5220 | 8.40
+ ABC 49.69:043 45905707 | 38.08w50 21.21ss72 | 62.026003  56.275116 | 61.15¢312  53.79031 | 62.63:080  58.37w97 | 5091 | 6.30 7
FreeMatch 49.95:003  42.75¢1256 | 26.55s87 24.58 371 | 62265048  59.226104 | 44.93100 40.96 043 | 63.92:9s  59.13¢108 |47.43 | 6.00 6
+ ABC 49.975004  30.62¢1818 | 23. 765545  24.0ls166 | 58.13:003 54.86 w034 | 49.60s768  44.04418 | 61.58260  54.02:44 | 45.06 | 3.90 4
Multihead Co-training | 49.91c0.12  50.00c000 | 30.882s81  34.43us1 | 62900224 58.05 sz | 52.05¢028  51.3%as1 | 64.32¢06  58.62:034 | 51.25] 790 | 9
+ ABC 49.765024  50.005000 | 25295141 26.186120 [57.99 ¢354+ 57.075156 | 46.92081  49.005%97 | 63.48390  55.38qs0 [48.11 | 5.10 5
MarginMatch 49.605062  49.99001 | 2646509  33.85003 | 64.7403  66.450s81 | 50.590s6  53.965081 | 63.3350s8 63.70241 |52.27 | 7.80 8
+ ABC 45.04 wia 42550285 |23.74 277 17.88 w75 | 599845  55.71aus | 48.48w07  52.75em | 61.43a1s 5542033 | 46.30 | 3.20 2
MultiMatch 49.17 wss  26.05 s628 |21.11 5040 25360260 [61.03 s164  59.665258 |41.01 079  41.46534 |60.14 341 56.71 cis7 [44.17 | 3.30 3
+ ABC 48.81s198  17.21 w8 | 29.36s1190  19.65s39 | 62.13¢146  57.125088 |41.05 c134  42.72 257 |60.71 265 53.87 <03 [43.26 | 3.10 1
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Final



Dataset IMDB AG News Amazon Review Yahoo! Answer Yelp Review Mean | Fried. | Final

# Label 20 100 40 200 250 1000 500 2000 250 1000 error | rank | rank

MultiMatch 6.89007 6.98 027 | 11.1409  10.59066 | 44.43%098  42.09028 |30.90 070 29.39 030 [42.16 079 39.08 055 [26.37 | 1.80 1
—wgq 7.08:032  7.01ls031 [10.93 w043 10.73062 | 44.47011 4217018 | 31.24047  29.64051 | 44.06c28  39.41046 | 26.67 | 3.70 4
—wq =0 7.19020 7205017 | 11.80s0ss  10.535027 | 44.195079  42.135027 | 31.125075  29.635031 | 43.20s124  39.6150.14 | 26.66 | 3.30 3
— LrreeMuiti | 723018 7.02:0024 | 1841586 11.28s0386 | 44.580096  42.085029 | 36.15¢136  30.35:070 | 43946168  39.165036 | 28.02 | 4.60 5
— L aswuiti 6.88 w014 7465050 | 157704 11.66c0.as | 44.570s0 4231036 | 32.13c045  30.35:026 | 44.68030  39.99022 | 27.58 | 5.20 6
— Yk,e >0 7.09024 698 w020 | 11.18«066 10.56 063 [44.11 079 41.99 c0u1s | 31.1dw061  29.59027 | 43.37065  39.17c03 | 26.52 | 2.40 2
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| # Classes | # Labeled | # Unlabeled | # Validation | # Test

Dataset \ Label Type
IMDB Movie Review Sentiment
AG News News Topic

Product Review Sentiment
QA Topic
Restaurant Review Sentiment

Amazon Review
Yahoo! Answer
Yelp Review

2
4
5

0
5

10750 11,500 1,000 12,500
10750 25,000 2,500 1,900
507200 50,000 5,000 13,000
50/200 50,000 5,000 6,000
507200 50,000 5,000 10,000

Table 4: ¥ 40 k) o015 B idF

W, REARE RS —456 T UM E
% X5 2w A B NLP Bl 5 A H . 55
=, EXFFREAARFRFERN Z 505 Bl
1, Informative {145 FHiE & — L F-FA5 1) —
JCArRIRE, 1M Humanitarian {145 W35 & 4
BV G == NS T S i € S I AR |
% B AT PATE (Ofli et al., 2020) Hr4RH .

A& 5 rn, MultiMatch 7R 158 K92
tEETT, FEPIMESS AR 40T B HiAth SSL
i, ML , HMordERAEA—2.
411, FreeMatch #11 Multihead Co-training 7£15 &,
5 RIRAF, (HAE NGB F SRS T REA
AIXE. PATIFE NLP £ R M 555 Iy
MarginMatch, 75X i 2 1888 PR g JLAP
(AWR7N F R B/ O S ek B £ 7§ RPN T
UM TR AR T, EE5 R R
MultiMatch 7E 2R o i S AN g APl
BEE IR

REHREE 2 05 br N T AT
Fil, (AR & BLSE H T MultiMatch 1Ay
SSL J5 ARy 5E Ky . B BIEAE A 2 40 Fl &2
WS P RE v S AT /A TS
FrE AR EGRE SE SR E R —Fh
BB T A A MR T IR A st W B

FATITA B ATSR: DA MIT k3=, 28
{1l F USB HEZE (Wang et al., 2022) . 1 51E
FF MultiMatch 1£5 5 TTRRSE i F1] USB Hr.
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Task Humanitarian Informative
Acc P R Fl Acc P R F1

MMBT Supervised (Kiela etal., 2019) | 86.71 87.20 86.75 86.74 | 89.44 90.07 90.06 89.87
FixMatch (Sohn et al., 2020) 88.55 88.87 88.59 88.51(89.96 89.91 90.00 89.91
FixMatch LS (Sirbu et al., 2022) 88.66 89.04 88.70 88.74|90.38 90.35 90.42 90.36
FreeMatch (Wang et al., 2023) 84.88 86.93 84.93 85.54|90.35 90.52 90.39 90.43
Multihead Co-training (Chen et al., 2021) | 88.34 88.68 88.38 88.28 | 90.68 90.66 90.71 90.67
MarginMatch (Sosea and Caragea, 2023) | 87.39 88.48 87.43 87.54 |89.86 90.12 89.86 89.94
MultiMatch ‘89.18 89.58 89.18 89.14 ‘91.36 91.37 91.36 91.37

Table 5: & F ZHZS ATE £ CAE B M: CrisisMMD L4511 43 245 1 . B TRPR 0 B AR 45 SR AE blue PR ITER. Acc
RFEMEFR, 1 P. RAIFL A5 INBCREHIE . A [0 5RH Fl,

Dataset IMDB AG News Amazon Review Yahoo! Answer Yelp Review Mean | Fried. | Final
# Label 20 100 40 200 250 1000 500 2000 250 1000 error | rank | rank
Supervised (Full) 5.690.15  5.720.13 5.780.07 5.73%0.11 36.4<0.05 36.40.05 24875004  24.84%004 | 32.045005  32.04%003 | 20.95 - -
Supervised (Small) 2031279 14.0260.22 | 15.0651.08 14.25¢097 | 5231028  47.53%060 | 37.43:029 33.26:0.1 51.22098  46.71%037 | 33.21 - -
Pseudo-Labeling 4545043 19.67001 | 1949607 14.6988 | 53.45¢9 47.0s0.79 37706 3272031 | 5451082 473302 | 37.20 | 15.30| 16
Mean Teacher 20.065251 13975149 | 151760121 13935065 | 52.145052  47.665084 | 37.09018  33.4350028 50.650.62 472103 | 33.13 [ 14.10| 14
IT -Model 49.99001 4475699 | 60.7s1000  12.580s57 | 772205  53.172s6 | 449103 32.454s | 75.73¢01  59.82061 | 51.13|16.60| 17
VAT 2593058 11.61a79 | 1475119 11.71084 | 49.83%046  46.545031 | 34.875041 31.5603s 52.97a.41 45.3%3 |32.50(11.90| 13
MixMatch 26.125613 15475065 | 13.5651 11.75¢06 | 59.54w067  61.695332 | 35.7507  33.62:014 | 53.9850.50 51.706s | 36.31 | 14.30| 15
ReMixMatch 50.0500 50.0s0.0 75.0500 75.0500 80.0s0.0 80.0s0.0 90.050.0 90.050.0 80.0s0.0 80.0x00 | 75.00 | 18.90| 19
AdaMatch 8.0909  7.11%02 11.73017  11.226005 | 46.72:072 4227025 | 32.75035  30.445031 45409  40.16%049 | 27.59 | 5.70 3
UDA 49.97w004  50.0500 | 41.0s2496  53.68s0.15 | 60. 761361 68.38s1644 | T1.302645  70.50758 | 69.3361508  66.95¢1846 | 60.19 | 17.60 | 18
FixMatch 77203 733043 | 30.17as7  11.71s195 | 47.615083  43.05¢054 | 33.035049  30.51s0s53 | 46.525004  40.655046 | 29.83 | 8.70 | 10
FlexMatch 7.82077  TAlwss | 16.38s394  12.08073 | 457306  42.25:033 | 35.61s08  31.1350a8 | 4335060  40.51c034 | 28.23 | 8.20 8
Dash 834056  7.55:035 | 31.67s1319  13.7651.67 47 15074 43.0906 | 35265033  31.19%020 | 45.24002 40.14%079 | 30.33 |10.30| 11
CRMatch 8.9650.88  7.1650.00 | 12.28a143  11.08s124 | 45.49008  43.07s0s 325104 29.98w07 | 45. 71063  40.625028 | 27.69 | 6.40 5
CoMatch 74403 772004 | 1195076  10.75035 | 48.76509 43365021 | 33.480s1  30.25¢035 4544112 40.270s1 | 27.94 | 7.10 7
SimMatch 793055 7.08033 | 14.265151  12.45037 | 4591005 422103 33.0602  30.165021 | 46.12048 40265062 | 27.94 | 6.60 6
FreeMatch 8945021 7955045 | 12.98w0s8  11.73s063 | 46.41506  42.645006 | 32.775026  30.325018 | 47.95¢45  40.3700 | 28.21 | 8.40 9
SoftMatch 7.76%0s8  7.97x0.72 11.95027 1172058 | 45.29%005 4221502 | 33.070031  30.44062 | 44.0905  39.765013 | 27.42 | 5.70 3
Multihead Co-training | 8.70wss  7.46%06s | 22.72600  13.48as1 | 46.22070  43.07079 | 3517058  30.81s028 | 46.466.28  40.79049 | 29.49 | 10.50 | 12
MarginMatch 719039 6.99010 | 10.65 019 11.03099 | 44.81a123  42.14067 | 32.08070  29.5501s | 42.93a4s  39.13034 | 26.65 | 2.00 | 2
MultiMatch ‘ 6.89 w007 6.98 027 ‘ 11.145096  10.59 s0.66 ‘44.43 098 42.09 5028 ‘ 30.90 070  29.39 <030 ‘42.16 079 39.08 <055 ‘ 26.37 ‘ 1.10 ‘ 1

Table 6: 7 IMDB. AG News., Amazon Review, Yahoo! Answer F1 Yelp Review £{#5i4E -, i WA A R/ DFRIC
LTI R . R BB R L A R BN,

Algorithm name \ Citation | Mean error | Friedman rank | Final rank
BERT - Supervised (Full) Devlin (2018) 20.95 - -
BERT - Supervised (Small) Devlin (2018) 33.21 - -
Pseudo-Labeling Lee et al. (2013) 37.20 15.30 16
Mean Teacher Tarvainen and Valpola (2017) 33.13 14.10 14
IT -Model Rasmus et al. (2015) 51.13 16.60 17
VAT Miyato et al. (2018) 32.50 11.90 13
MixMatch Berthelot et al. (2019b) 36.31 14.30 15
ReMixMatch Berthelot et al. (2019a) 75.00 18.90 19
AdaMatch Berthelot et al. (2021) 27.59 5.70 3
UDA Xie et al. (2020a) 60.19 17.60 18
FixMatch Sohn et al. (2020) 29.83 8.70 10
FlexMatch Zhang et al. (2022) 28.23 8.20 8
Dash Xu et al. (2021) 30.33 10.30 11
CRMatch Fan et al. (2023) 27.69 6.40 5
CoMatch Lietal. (2021) 27.94 7.10 7
SimMatch Zheng et al. (2022) 27.94 6.60 6
FreeMatch Wang et al. (2023) 28.21 8.40 9
SoftMatch Chen et al. (2023) 27.42 5.70 3
Multihead Co-training Chen et al. (2021) 29.49 10.50 12
MarginMatch Sosea and Caragea (2023) 26.65 2.00 2
MultiMatch \ Ours | 2637 \ 1.10 \ 1

Table 7: FATSLH 6 B9 B A 5 IR SR BT 1T
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