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 Mamba architecture introduces selective SSMs and * Projectors play a more critical -+ Diagonal Entries in T are dominant. * Performance on Mamba1 architecture.
hardware-aware operations for dynamic and linear-time role than SSMs in learning W' = WT Niamba LI Viion Mamba
. . . . T ) Method HellaSwag Winogrande ARC-E ARC-C Ave StanfordCars Caltech Flowers Avg.
ComPUtatlon Wlth respeCt to InPUt Slze downStream taSk knOWIedge T — W—1W’ Full-FT 38.23 (130.00M) 53.12 (130.00M) 53.54 (130.00M) 28.84 (130.00M) 43.43 90.06 (7.00M)  92.86 (7.00M) 92.05 (7.00M)  91.66
det o ¢ é Linear Probing - - - - - 57.46 (0.oamy  91.10 (0.02m)  59.90 (0.02M)  69.49
o Vision Mamba Mamba LLM W’: F|ne_tu ned PrOJeCtor’ W: Pre_tra|ned PrOJeCtor 5 BitFit [49] 35.69 (0.07M) 53.12 (0.07M) 52.86 (0.07M) 26.88 (0.07M) 4214  65.51 (0.osm)  93.71 (0.oeM)  78.84 (0.06M)  79.35
) Both Mamba LLM and V|S|On Mamba Share the bIOCk beIOW s il Strong [17] 38.66 (3.80M) 53.04 (3.80M) 54.17 (3.80M) 28.67 (3.80M) 4364 8478 (0.96M)  95.70 (0.94M)  86.76 (0.94M)  89.08
—_ FT 40.18 (84.94M)  52.57 (84.94M)  54.38 (84.94M)  20.52 (84.94M)  44.16  89.67(535M) 95.01 (5.33M) 92.00 (5.33M)  92.22
40 _D e E LoRA 3833 236M)  53.12236M)  S3.87 236M)  29.52(236M) 4371  85.06 0.63M)  96.01 0.61M)  87.32 (061M)  89.46
7 - : M""’“ . e i £ DoRA 38.13 245M)  S2.88245M)  S4.12245M)  28.75(245M) 4347 85.18 (0.69M)  96.09 (0.65M)  86.60 (0.65M)  89.29
39 = . ' . i = ProDial 38.92 242M)  53.28 242M) 5518 (238M)  28.84(238M)  44.06  85.38 0.67M)  96.24 (0.65M)  88.00 (0.65M)  89.87
n = R 0014 KRN 0054 0048 -0.03 [ . FT 40.36 (56.62M)  53.20 (56.62M)  54.59 (56.62M)  29.61 (56.62M)  44.44  89.62 3.58M)  95.24 3.56M)  91.02 356M)  91.96
p.d 38 100 =i _ 100 0.100 E ) N _ _ " 1n _
8 III-PI'Oj Out-Proj Z 0,011 .,_mn_“,-, 0.016 b £ LoRA 38.46 (1.48M) 52.30{1.431\4} ?3.87(1.431\4) 28.41 (1.48M) 43.39  82.12 (0.41M) 95.7%{0.3%1) 8:5.71{0.391%) 87.87
ol = h 70 . — = DoRA 38.08 (1.55M) 52.64 (1.55M) 54.04 (1.55M) 28.50 (1.55M) 43.32 82.17 (0.43M)  95.55 (0.41M)  85.95 (0.41M) 87.89
=+ O g = 37 0011 -0.020 0.019 0.022 0.050 -
g GFT A & Qp 150 : . R ProDiaL 38.41 (1.49M) 5296 (1.49M)  54.50 (1.25M)  29.61 (1.25M)  43.87  82.45(042M) 9593 (0.41M)  85.97 (0.33M)  88.12
=5 E - E g E_. E é 69 36 i Sl 00+ 0017 0037 0046 M e i _ FT 40.89 (28.31M)  52.80 (28.31M)  55.00 (28.31M)  20.27 (28.31M)  44.51  88.86 (1.81M)  95.63 (1.77M)  91.45(1.77M)  91.98
i mamns B 00 BN N 5 -Q—a1 bO— s $ S S S SR e o 2 m 75 0 15 1O 175 o 2 % 75 w0 us 10 U 2 LoRA 37.30 089M) 5312 089M)  S53.66 (0.89M)  28.54089M)  43.08  77.81(026M) 95.40 0.24M)  80.60 024M)  84.60
3 oo =~ — w Y £ a FISS o FIS L o A
S N - e % Q. T Vo T Vo (a) Visualization of the matrix T);.;. (b) Changes after training. 2 DoRA 37.19 090M)  52.88 0.00M)  53.66 (090M)  28.67 (090M)  43.10  77.70 028M)  95.47 0.26M)  80.97 (026M)  84.71
& & g ,Q,, ProDial 38.19 (0.92M) 53.75 0.92m) 54.84 (0.90M) 30.80 (0.90M) 44.40  78.00 (0.27M)  95.55(0.25M)  81.90 (0.25M)  85.15
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) =
= ) Method: ProDialL » Performance on MambaZ2 architecture.
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= ~ L X . Method HellaSwag Winogrande ARC-E ARC-C Avg
Encoder | — — _
. . Full-FT 38.23 (130.00M) 53.12 (130.00M) 53.54 (130.00M) 28.84 (130.00M) 43.43
° We propose d nOV6| Mamba PrOJeCtor_targeted PEF methOda PrODIaL ) FT 38.76 (90.1M) 53.12 (90.1M) 50.67 (90.1M) 28.84 (90.1M) 42.84
. = . . . § 5 3, 3 5 / 2/
. ; (Projector-targeted Diagonal-centric Linear Transformation). £ LoRA B0emy $B35emn S2360amh  3020amp 4360
MOtlvatlon : : . . . . = DoRA 3524 257M) 52,01 @57M) 4718 257M) 2415 257M)  39.65
* ProDial decomposes T into Diagonal and Off-diagonal Entries, and trains them separately. I .57 0ann 5383 000vh 5303 0snh 3046 aon 4397
" FT 39.89 (61.8M) 53.35 (61.8M) 51.56 (61.8M) 27.22 (61.8M) 43.01
PEFT methods for Mamba remain largely unexplored. I _ .
) gely _ P W' =WT =sWDy + e, S LoRA 37.32(158M)  5343(.5sM) 52.02(15sM)  30.03 (1ssM)  43.20
=
We observe that Projectors play a key role in Mamba PEFT. D, = [1 —relu(l+D)] + (1 —=1)*D T DoRA 352406 S2000eM) 4TS e 2415w 39.65
D d , ( a ) a’ ProDiaL 37.91 (0.98M) 53.75 (0.89M) 53.03 (0.98M) 30.29 (0.93M) 43.75
= diag(xq, %5, ..., X e o e Y
a 1, V2 yr’ym. FT 40.62 (28.3M) 53.43 (28.3M) 54.08(28.3M) 29.10 (28.3M) 44.31
[ O o—
ContrlbUtlon s € = BE AE £ LoRA 37.44 (0.89M) 5328 (089M)  52.65 (0.89M)  28.50 (0.89M)  42.97
é DoRA 37.44 (0.90M) 53.59 (0.90M) 52.69 (0.90M) 28.92 (0.90M) 43.16
. . . . . . . . 1 _ 1 ProDialL 37.86 (0.90M) 53.51 (0.50M) 53.45 (0.68M) 30.29 (0.90M) 43.78
First investigation of Projectors in Mamba architecture. s: learnable scaling parameter, A. and B, are low-rank matrices. e ey
[
Input Projector calapilli y OT OUr rFroia
e et e Y \ - Lx $OO0O0
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Based on our analysis of projectors, we propose ProDial, % 5 2 Encoder S Otherwise Method  Mamba-370M _ Mamba 148 Vim-small
_ _ S : D+ 9= 2 —®- 1 (Cimy o | FullFT 56.99 (370M) | 61.17 (1.40B) | 94.09 (25.45M)
the first projector-targeted PEF T method for Mamba. > f BB f z  {x)%, €R T Th £ | BitFit[49] | 5699(0.20M) | 6125(039M) | 9662 (0.11M)
Ro Block-Diagonal _ z = . = tJi=1 Strong [17] | 57.14(8.19M) | 61.80(0.06B) | 96.47 (1.85M)
Strong 'BitFit ~LoRA DoRA = DiaL :g- (Dyv) D-|:II Scaling factor(s) R I Output Projector L = = T 57.22 (302M) 61.72 (121B) 04.94 (21.27M)
. - None-Diagonal (£) ‘I & D? LoRA 56.75 (6.29M) 61.72 (0.05B) 96.85 (1.22M)
Experiments on both Mamba LLM SanfordCar s _ I - » & - < | DoRA 56.99 (6.54M) | 61.72(0.05B) | 96.85 (127M)
. . . E 'z Inpu‘[ Projector o i ;j @ /M ProDialL 57.06 (575M) 61.96 (OOSB) 97.16 (1 32M)
and Vision Mamba show that applying ARC-C Caltech 5 " e mtor = = | FT 57.06 20IM) | 61.56 (0.81B) | 95.17 (14.20M)
. - Block-Diagonal (s) : = d. £ LoRA 56.75 (3.93M) 61.56 (0.03B) 97.16 (0.88M)
ProDialL and other PEFT methods to ; \ . o~ (Dy) ; = £ | DoRA 5722 (4.13M) | 61.48(0.03B) | 97.16(0.91M)
. . - c @ i 'Y o/ l ProDiaL 57.22 (3.74M) 61.56 (0.03B) 97.09 (0.82M)
o . 1
prOJeCtorS Slgnlflcantly OUtperformS ARC-E Flowers E-: Block-Diagonal T ——— None-Dlagonal(E) ____I'l = FT 5722 (l()lM) 6172 (()40]3) 9586 (712M)
“ = D) Scaling factor (s) = | LoRA 56.91 (2.36M) | 61.56 (0.02B) | 96.70 (0.48M)
- b ProiDial, (W'= sw A 0 . . . . . .
targeting other components. D{:}Nme_mﬁgml@ r rojial (W= sy + ) 5 | DoRA 5722 (2.41M) | 61.48 (0.02B) | 96.78 (0.59M)
------------------ © ProDialL 57.30 (2.02M) 61.80 (0.02B) 96.85 (0.51M)
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