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Background & Motivation

Mamba architecture
é -projection

* Transformer-based LLMs incur computation and memory costs

that scale quadratically with sequence length.

*  Mamba, an SSM-based architecture, achieves performance S |

comparable to or better than recent architectures.

State Space Model Equation
Continuous Discretized (ZOH)

h'(t) = Ah(t) + Bx(t) h, = Ah,_; + Bx,
y(t) = Ch(t) ye = Chy

A = exp(A4), B = (AA) (exp(AA) — 1) - AB
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https://openreview.net/forum?id=tEYskw1VY2&nesting=2&sort=date-desc
https://arxiv.org/abs/2406.07887
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Background & Motivation
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Mamba-2 architecture

*  Mamba-2 introduces the Structured State Space Duality(SSD),

a hybrid design that integrates recurrent model with attention mode.

* Itemploys a dual representation that improves GEMM utilization,

yielding higher throughput on GPUs and TPUs.

«  Mamba-2 scales effectively to over 8B parameters, but the resulting g ——

State Space Model Equation

‘; 2:0
. . . |r 3:2 nT 2:0 J ] =
CO ntl NUOUS D ISC ret I Zed (ZO H) J: ol BT Ana (Ct:‘ f'ﬁ“ E‘,i’:‘:‘g‘ s Semiseparable Matrix M
5 : 2 5 F15:3893 5 A5:404 5 415:54035
7 Ass By Azo] CJ A BT Ass]” | Ce AseBs Block Decomposition
T Azs| Asa 51‘..1“] ‘ {C'{ Ay 5] As:s [13,' As ,J C7 AreBs CF AraBr

Cldeal  LBiAsal [ CTAseBs CTAstBr Cf AssBs Diagonal Block: Input — Output

h'(t) = Ah(t) + Bx(t) h, = Ah,_; + Bx, 5 P
y(t) — Ch(t) YVt = Cht Low-Rank Block: State — State

Low-Rank Block: State — Output

Low-Rank Block: Input — State

A = exp(A4), B = (AA) (exp(AA) — 1) - AB

AW HAI |
https://arxiv.org/abs/2406.07887 3

tered
Human-centered AT https://proceedings.mlr.press/v235/dao24a.html




Problems

SSD involves external-to-internal dimension changes

that must be considered to preserve quantization performance.
Activations are repeatedly reused across multiple modules and
exhibit distinct outlier characteristics.

Element-wise multiplications are tightly intertwined with matrix multiplications,

complicating quantization.
Activation X outside SSD , Activation X inside SSD
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SSDI8 : Persistent INT8 Representation

Our Goal: Establish a Persistent INT8 path Representation (PIR) within SSD to minimize latency while

preserving accuracy.

Quantize once and reuse: Quantize reused activation B and C once and reuse them across SSD
submodules to reduce memory traffic and quantization overhead.

Mean correction: Apply a per-channel mean correction after SSD to mitigate accumulated quantization

error with minimal latency overhead.
Activations B and C
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Persistent INT8 Representation
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SSDI8 : Sparse Aware Reformulation

Sparse Aware Reformulation

*  Multiplying reused INT8 B by FP16 LUT ¢4t

incurs additional overhead. och Thead

* Sparse Aware Reformulation(SAR) preserves

INT8 execution path and avoids the overhead.

* Although X 41eq is highly sparse, its quantization

does not increase error and is theoretically justified.

* Asaresult, PIRis completed, enabling the

SSD internal path to remainin INTS.

Persistent INT8 Representation
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Experiments

Zero-shot task results Perplexity results

Model | Size | Methods | Bitwidth | LA HS PIQA Arc-E  Arc-C WG | Avg. i :Bitwidth: 13BWikitcxt22P;:;plcxity L _
| | - | FP16 | 65.6% 599% 733% 64.1% 333% 60.8% | 59.5% ' '
- | FPI6 | 1042 9.06 7.25
| |  Quamba WBA8 | 49.8% 58.5% 712% 61.9% 321% 58.1% | 55.2% e e - v
HAD L i .
Quamba? WSAS8 | 62.0% 592% 725% 634% 327% 60.0% | 58.3% W4AS 11.63 11.85 8.79
1.3B W4A8 | 61.0% S58.8% 724% 62.7% 32.6% 59.1% | 57.7% Quambaz | WSAS | 10.80 9.32 7.79
WSAS | 64.7% 59.7% 727% 64.0% 328% 60.9% | 59.1% WAAS 198 i T
" sl s A s it o el . WSAS 10.63 9.22 7.49
SREA L) ‘ W4AS | 63.6% 592% 727% 635% 335% 60.4% | 58.8% SSDI8 Our) | wens | 1092 o043 o
| | § | FP16 | 69.5% 66.6% 764% 69.5% 364% 64.2% | 63.8%
| | Quamba | W8AS8 | 524% 604% 71.6% 629% 337% 58.0% | 56.5%
278 | Quamba2 WSAS8 | 66.1% 655% 744% 68.4% 37.1% 63.7% | 62.5% e SSPDS8 preserves Strong zero-shot
Mamba-2 | = W4A8 | 65.6% 65.1% 747% 68.1% 36.1% 628% | 62.1%
SSDi8 (Ours) WSAS | 683% 662% 75.6% 69.0% 368% 63.4% | 63.2% accuracy under quantlzatlon.
. W4A8 | 67.4% 653% 75.6% 689% 352% 63.5% | 62.6%
| | . | FP16 | 709% 71.7% 719.7% 760% 480% 72.0% | 70.7%
| | Quamba | WS8AS8 | 54.0% 74.6% 77.1% 73.5% 442% 65.5% | 64.8%

WSAS | 69.8% 77.8% 79.1% 75.9% 469% 69.0% | 69.8%  5SDi8 achieve perplexity close

W4A8 | 688% 77.1% 79.1% 75.0% 46.0% 68.7% | 69.1% to FP16 . i icti
WBA8 | 704% 77.2% 79.6% 755% 472% 71.2% | 70.2% 0 15, preserving linguistic

W4A8 | 699% 765% 79.1% T754% 46.2% T70.6% | 69.6%

8B Quamba2

SSDi8 (Ours)

fluency and generalization.
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Experiments

« SSDi8 achieves substantial latency reduction, reaching up to 1.47x speedup over FP16.

*  With Persistent INT8 Representation, ChunkScan and StatePssing SSD latency on Orin NX 16G
_ _ GPU | Orin NX 16G
achieve up to 1.77x and 2.25x speedup over FP16, respectively. Bitwidth | WAAS WSAS

; ] . Method | Quamba2 SSDi8  Quamba2 SSDi8
* SSDi8 consistently reduces SSD latency on Orin NX 16G across sequence L=256 | 5530 4471 5103 4130

L =512 76.10 68.00 70.95 60.49
L =1024 13440  127.51 139.10 114.36
L = 2048 26290 240.54 24929 217.69

length, demonstrating robustness in resource-constrained environments.

Latency vs. Sequence length Module wise latency breakdown
. | Quamba?2 SSD:i8 Ty i
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