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Abstract—The growing disparity between computational power
and on-chip communication bandwidth is a critical bottleneck
in modern Systems-on-Chip (SoCs), especially for data-parallel
workloads like AI. Efficient point-to-multipoint (P2MP) data
movement, such as multicast, is essential for high performance.
However, native multicast support is lacking in standard inter-
connect protocols. Existing P2MP solutions, such as multicast-
capable Network-on-Chip (NoC), impose additional overhead to the
network hardware and require modifications to the interconnect
protocol, compromising scalability and compatibility.

This paper introduces Torrent, a novel distributed DMA
architecture that enables efficient P2MP data transfers without
modifying NoC hardware and interconnect protocol. Torrent
conducts P2MP data transfers by forming logical chains over
the NoC, where the data traverses through targeted destinations
resembling a linked list. This Chainwrite mechanism preserves
the P2P nature of every data transfer while enabling flexible data
transfers to an unlimited number of destinations. To optimize
the performance and energy consumption of Chainwrite, two
scheduling algorithms are developed to determine the optimal
chain order based on NoC topology.

Our RTL and FPGA prototype evaluations using both syn-
thetic and real workloads demonstrate significant advantages
in performance, flexibility, and scalability over network-layer
multicast. Compared to the unicast baseline, Torrent achieves up
to a 7.88× speedup. ASIC synthesis on 16nm technology confirms
the architecture’s minimal footprint in area (1.2%) and power
(2.3%). Thanks to the Chainwrite, Torrent delivers scalable P2MP
data transfers with a small cycle overhead of 82CC and area
overhead of 207 μm2 per destination.

Index Terms—Direct Memory Access (DMA), Multicore SoC
(MPSoC), AXI protocol, Network-on-chip (NoC)

I. Introduction
The widening imbalance between compute capabilities and

on-chip communication requirement needs has emerged as a
fundamental bottleneck in modern Systems-on-Chip (SoCs).
While transistor density continues to increase following Moore’s
Law, middle- and far-reach interconnect densities have remained
nearly constant [1], leaving on-chip bandwidth as a scarce
and critical resource. Although contemporary SoCs integrate
increasingly powerful accelerators [2], [3], the performance
of data-intensive workloads—such as Transformer-based large
language models (LLMs)—is often constrained by memory
bandwidth rather than processing elements [4]. Consequently,
maximizing data reuse [5] has become a central strategy for
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Fig. 1: The working principle, area overhead, and the dataflow
of three P2MP data copy mechanisms with a 2D Mesh NoC

sustaining high accelerator performance. Data reuse can be
achieved at both the accelerator level [6] and the SoC level. One
example of SoC-level data reuse is tiled matrix multiplication,
where one operand is tiled and the other operand needs to be
distributed to multiple accelerators, creating a point-to-multi-
point (P2MP) data movement pattern.

Software-based P2MP approaches [7] are conducted by issu-
ing multiple independent requests from the source (Fig. 1(a)).
However, these methods incur redundant memory accesses. To
mitigate these inefficiencies, hardware support for multicast
is being integrated into commercial [8] and academic [9]
SoCs. By performing data replication within the interconnect
(Fig. 1(b)), hardware multicast avoids redundant memory traffic
and improves data reuse.

The Advanced eXtensible Interface (AXI) is a widely adopted
on-chip communication protocol. Unfortunately, AXI lacks
native support for P2MP communication [10]. One approach to
deploying multicast on top of AXI is to modify the Network-on-
Chip (NoC) routers, equipping them with multicast capabilities
as illustrated in Fig. 1(e). This allows a single input stream



to be replicated to multiple output ports. While this approach
is feasible, it requires protocol modifications and introduces
extra control logic to prevent deadlocks [11]. More critically,
as shown in Fig. 1(d), the complexity of NoC routers and
the link width grow with the maximum number of multicast
destinations [9]. Thus, the scalability of network-layer multicast
is often limited.

In this paper, we propose Torrent1, an alternative architecture
enabling efficient P2MP data transfer in AXI-compatible SoCs.
Instead of altering the NoC infrastructure, we embed P2MP
capabilities directly within the Direct Memory Access (DMA)
endpoints (Fig. 1(c)(e)). When a P2MP request is sent to one
Torrent (called the initiator Torrent), it collaborates with all
other Torrents attached to destination memories (called follower
Torrents). Together, they form a data chain—an architecture
resembling a doubly linked list that allows data to flow from
the first node to the last node. This multicast mechanism is
called Chainwrite2. By shifting the data replication job from
centralized NoC routers (at the network layer) to distributed
Torrents (at the application layer), Torrent preserves full inter-
operability with AXI while allowing flexible P2MP capability.
This approach supports a virtually unlimited maximal number
of destinations (Ndst,max) without increasing router area or link
width, while imposing ignorable hardware complexity (Fig.
1(d)).

Our main contributions are as follows:
• We propose Torrent, a distributed DMA architecture that

supports efficient and scalable P2MP data transfers at the
application layer, a mechanism called Chainwrite.

• Chainwrite supports an unbounded number of destinations
without modifying the AXI standard and NoC routers by
organizing endpoints into a doubly linked list.

• We develop scheduling algorithms that enable Chainwrite
to be comparable with network-layer multicast in total
number of hops for one P2MP data transfer task.

• We validate Torrent using both synthetic and real work-
loads and compare against SoTA P2P and multicast
solutions. Synthetic results show Torrent achieves P2MP
efficiency on par with multicast solutions. The real work-
loads extracted from the DeepSeek-V3 self-attention layers
are executed on a Torrent-enhanced SoC in an FPGA,
showing up to 7.88× speedup over its unicast baseline.
ASIC synthesis in 16nm and power analysis results show
Torrent incurs only 1.2%/2.3% of the system area/power.
The hardware overhead for adding one maximal destination
with Chainwrite is minimized to 207μm2.

Compared to the SoTA DMAs and NoCs from industry and
academia, as shown in Table I, we observe that Torrent is
distinctive from other P2MP mechanisms that use the NoC
network layer to replicate data [9] [12] [11]: by performing
replication at the endpoints and using Chainwrite, Torrent

1Torrent Frontend is open-sourced as one component in SNAX, while
Torrent Backend is open-sourced separately.

2In this paper, to ensure a clear terminology, the conventional P2MP data
transfer with the help of a NoC router is referred to as Multicast and our
P2MP data transfer using Torrent is referred to as Chainwrite

Arch. Addr.
Gen

AXI
Comp.

P2MP
Method

Area
Scaling

Open
Sourced

Xilinx DMA [13] Mono. DMA 1D Yes SW N/A No
HyperDMA [14] Dist. DMA ND No SW N/A No
iDMA [15] Mono. DMA ND Yes SW N/A Yes
XDMA [16] Dist. DMA ND Yes SW N/A Yes

FlexNoC [12] NoC N/A Yes Multicast N/A No
ESP NoC [9] NoC N/A No Multicast O(N) Yes
Pulp XBar [11] XBar N/A Yes Multicast ∼O(1) Yes

Torrent Dist. DMA ND Yes Chainwrite ∼O(1) Yes

TABLE I: Torrent comparison with SoTA DMAs and NoCs
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Fig. 2: Layered on-chip network architecture

achieves SoC-level data reuse without complicating the shared
interconnect fabric. Furthermore, Torrent is highly flexible due
to its distributed architecture, offering the ND affine access
capability with low power and area overhead.

II. Background
A. Network-on-Chip Architecture

Traditional hierarchical on-chip interconnects struggle to
meet the performance requirements in complex multi-core
SoCs, thus, NoCs with flattened structures (like mesh, torus,
etc.) have become appealing substitutes [17].

NoCs can be segmented into four layers [18], referencing
the OSI model (Fig. 2): (1) The application layer includes
hardware components that act as the requesters and responders
for I/O requests; (2) The transport layer converts transactions
from the application into routable packets and delivers them to
the network layer; (3) The network layer forwards the packets
to the port designated in the routing table; (4) The link layer
is the physical P2P link between two routers to transfer data.

B. Multicast on NoC
Similar to multicast in computer networks, the intuitive way

to perform multicast on-chip is to rely on the NoC router. The
multicast packet traverses the common four-stage [19] [20]
router pipelines where special handling occurs at each phase:
In the Route Computation (RC) phase, the head flit determines
multiple output ports based on the pre-configured multicast
destination set. During Virtual Channel Allocation (VA), the
multicast packet requests available virtual channels for each
identified output port simultaneously, which may stall if some
VCs are unavailable. In Switch Allocation (SA) and Switch
Traversal (ST) phases, interconnects are altered to connect
multiple output ports to a single input port, duplicating the
packet multiple times. The same mechanism repeats until one
packet is delivered to each destination.

III. Torrent Architecture
Torrent proposes a novel decentralized architecture to

conduct P2MP data transfers through Chainwrite. Unlike
traditional DMAs [13] [15] that perform internal loopback
of two memory requests, Torrent adopts a distributed DMA
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Fig. 3: The architecture of Torrent
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Fig. 4: Torrent Chainwrite four-phase orchestration

architecture: multiple Torrents attached to the source and
destination regions are involved in one data transfer task.

The Torrent’s microarchitecture is shown in Fig. 3: The
Torrent Frontend is built on the open-source XDMA framework
[16] and its data streaming engine (DSE) [21], which can
perform ND-affine memory accesses. This data then enters the
Torrent data switch, which duplicates and forwards the data to
different ports. Finally, the Torrent Backend encapsulates data
into AXI requests.
A. Torrent Chainwrite Orchestration

Since Torrent adopts a distributed orchestration strategy
to accomplish a task, we design a dedicated control flow to

avoid data corruption and deadlock. Specifically, we introduce
a four-phase control flow, shown in Fig. 4 for Torrent P2P data
copy and P2MP Chainwrite:

(1) Configuration Dispatch: When the initiator Torrent
receives a P2P or P2MP task, it forwards the corresponding
configuration settings (cfg, Fig. 4(c)) to the involved remote
Torrents. For P2P data copy, only one remote Torrent is
involved; therefore, one cfg is sent out; for Chainwrite, cfgs
are forwarded to all participating Torrents in parallel, with
each cfg describing the address of the previous node and the
next node. Hence, there is no theoretical limit on the length of
the chain. These cfgs specify a doubly linked list on the SoC
through which data can flow from head to tail (for data) or tail
to head (for control signals).

(2) Grant Signaling Backward Propagation: When the
last Torrent receives the cfg packet, it generates the Grant
signal and sends it backward. Every intermediate Torrent only
forwards the Grant to the previous node when it is ready for
this new Chainwrite task.

(3) Data Transfer: Once the initiator Torrent receives the
Grant signal, it begins sending data into the chain. Each
intermediate Torrent stores and forwards every received data
frame to the next hop as soon as it receives it from the previous
hop, such that the data finally traverses through all Torrents.

(4) Finish Signaling Backward Propagation: Similar to
(2), a Finish signal is also generated by the last node and is
propagated backward to the initiator Torrent to indicate that
the Chainwrite on the chain has completed.

B. The Cross-Torrent Configuration
Torrent dispatches multi-field cfg packets (Fig. 4(c)) to

orchestrate with other Torrents: Type Identifier defines whether
this frame is a read/write request; Frame Identifier describes
the total number of frames (for the first frame) and current
frame ID (for the remaining frames) of a cfg packet. The cfg is
split into multiple Frame Bodies to support interconnect with
variable lengths. Each frame body contains six fields: fields A
to D describe the data chain; field E is for the Torrent Backend
to generate AXI requests with corresponding size; and field F
describes the access pattern for the DSE.

C. The Torrent Datapath
The Torrent Data Switch, depicted in Fig. 3, forwards and/or

duplicates the data for different Torrent working modes: Local
loopback, Read, Write, and Chainwrite.

When the source and destination addresses are in the same
memory, Torrent works in local loopback mode. In this case,
Torrent is regarded as a dedicated data reshuffling accelerator,
and the data flows from � to �. When the source and
destination addresses are in different memories, then the Torrent
attached to the source memory is in read mode (� to �) and
the one attached to the destination memory is in write mode
(� to �). In Chainwrite mode, the data switch duplicates the
incoming data from � into two copies; one copy is sent to the
next hop (�) and another copy is sent to the local DSE (�).
This behavior is reflected in the RECV&FWD DATA State



of Fig. 4(b). The stream duplicator in the data switch enables
the on-the-fly data duplication with no temporary storage of
data, maximizing the energy efficiency of Chainwrite.

The Backend of Torrent serves as the bridge between
the Torrent Frontend and the AXI interconnect, establishing
lightweight “virtual tunnels” across Torrents on top of the AXI.

D. Torrent Chainwrite Sequence Algorithm

Algorithm 1 Chain Write Greedy Optimization Algorithm
Require: Destinations list D, NoC dimensions nocx, nocy
Ensure: Ordered traverse destination list order

1: remaningdest ← D � Init remaining destinations
2: start ← min(remaningdest) � Start from dest closest to C0
3: order ← [start], remaningdest ← remaningdest \ {start}
4: usedpath ← XYpath((0, 0), start) � Initial path from C0
5: while remaingdest �= ∅ do
6: best ← null, besthops ← nocx + nocy
7: for each cand in rem_dest do
8: path ← XYpath(order[−1], cand)
9: if no_overlap(usedpath, path) & |path| < besthops then

10: best ← cand, besthops ← |path|, bestpath ← path
11: end if
12: end for
13: if best = null then � Fallback to shortest path
14: best ← argminc∈remaningdest |path(order[−1], c)|
15: bestpath ← XYpath(order[−1], best)
16: end if
17: order.append(best)
18: usedpath ← usedpath ∪ bestpath
19: remaningdest ← remaningdest \ {best}
20: end while
21: return order

Chainwrite, in contrast to network-layer multicast, exposes
destination traversal order explicitly. Our experiments demon-
strate its significance for high performance. Thus, we design
two complementary strategies to optimize this sequence:

(1) Greedy heuristic (Alg. 1) iteratively selects the next
destination such that the routing path does not overlap with
previously used links, while also minimizing path length. This
approach balances efficiency with computational cost, making
it well-suited for just-in-time optimization.

(2) The scheduling problem can be modeled as an open-
path variant of the Traveling Salesman Problem (TSP).
Using Google OR-Tools [22], we construct distance matrices
based on XY-routing and solve for the globally optimal
path. This approach guarantees a global optimum with higher
computational overhead, making it a candidate for ahead-of-
time optimization.

IV. Evaluation
We evaluate Torrent in a multi-accelerator SoC. We first

compare the P2MP efficiency of Torrent against the SoTA P2P
DMA and the network-layer multicast solution (§IV-B). We
then demonstrate the effectiveness of the software Chainwrite
sequence optimization to boost the P2MP performance (§IV-C).
Then, the configuration overhead is quantified in §IV-D,
showing linear overhead scaling with the number of destinations.
To validate the adaptability to real workloads, we prototype

a multicore SoC on the AMD Versal™ VPK180 FPGA
and evaluate its performance in the self-attention layers of
DeepSeek-V3 (§IV-E). Finally, we synthesize3 a SoC with
Torrent for area and power breakdowns (§IV-F).

A. System Evaluation Setup
In our system under evaluation, each compute cluster

encompasses a 1MB, 32-bank, 64-bit-per-bank memory, two
RV32I cores [23], a GeMM accelerator with 1024 8-bit MACs,
and a Torrent. The GeMM accelerator is optimized for LLM
workloads and has two operating modes: (1) multiply two
matrices of 16×8 and 8×8 (for the prefill stage); (2) multiply a
vector of 1×64 with a matrix of 64×16 (for the decode stage).
With this, we set up a 20-cluster SoC derived from Occamy
[24], interconnected by FlooNoC [25] with a 4× 5 2D mesh
topology. The NoC uses XY-routing and the bandwidth is 64
bytes per cycle.

Our primary comparison baseline is ESP [26], a SoC
platform with an in-house NoC that supports network-layer
multicast [9]. For fair comparison, the ESP SoC is configured
with the same 4×5 2D mesh NoC, XY-routing, and 64 bytes/CC
bandwidth. We additionally select iDMA [15] for the software-
based P2MP data copy condition.

B. P2MP Copy Efficiency
We evaluate the P2MP efficiency ηP2MP under three ap-

proaches: (1) repeated P2P copies using iDMA, (2) Multicast
in the NoC on ESP, and (3) Chainwrite with Torrent. Data
sizes range from 1–128 KB and the number of destinations
(Ndst) ranges from 2–16, yielding 192 test points.

The latencies are retrieved from hardware counters for all
conditions. For iDMA, cycles equal the sum of all P2P transfers;
Torrent measures the cycles from task dispatch to the DSE
until the initiator Torrent receives the finish signal. Since
the ESP platform only supports multicasting to accelerators,
we implement dummy accelerators and integrate a hardware
counter in the DMA for the latency.

Based on the measured latency4, we define the P2MP
efficiency ηP2MP as follows:

ηP2MP =
latP2P,theo

latmeasured
=

Ndst · Sizedata

BWP2P,ideal

latmeasured
(1)

where latP2P,theo = Ndst · Sizedata

BWP2P,ideal
is the theoretical P2P copying

latency for Ndst destinations, and BWP2P,ideal = 64B/CC
(system AXI bandwidth). By definition, iDMA will have
ηP2MP ≤ 1 since there is no data duplication and all data
needs to be fetched from SRAM. Multicast or Chainwrite can
reach ηP2MP > 1 and the ideal condition is ηP2MP = Ndst, which
means all destinations receive the data at the BWP2P,ideal with
no delay.

3Silicon synthesis targets TSMC 16FFC technology (600 MHz/0.8 V) using
Synopsys Design Compiler®. Power analysis is carried out on the synthesized
netlist with gate-level switching activity via Synopsys PrimeTime®.

4The iDMA and Torrent results are retrieved from RTL simulation. We
conduct RTL simulation on ESP for sizes of 1-8KB and extrapolate the results
for large tasks due to long simulation time.



Fig. 5: The ηP2MP comparison for iDMA (Unicast), ESP
(Multicast), and Torrent (Chainwrite)

Fig. 6: The comparison of average hops per destination

Fig. 5 shows that ηP2MP for Torrent and the ESP platform
approach the ideal P2MP limit with increasing data sizes and
Ndst. At small sizes (1KB–4KB), the control overhead domi-
nates but is amortized with larger transfers. ESP outperforms
Torrent for few-destination scenarios (2–4) due to lower link
setup overhead, but its configuration complexity grows faster
with Ndst compared to Torrent. iDMA approaches ηP2MP = 1
when transferring larger data (>8KB), indicating near-ideal
P2P link utilization. This evaluation shows Torrent can achieve
better performance than multicast in the NoC.

C. Efficiency Impact of Chainwrite Sequence
Chainwrite offers greater universality and flexibility than

multicast, since it does not require modifications to AXI and
can write data to different addresses with varying patterns.
However, it is intuitively less efficient compared to multicast,
in which data can be transferred along multiple paths in
parallel instead of hop-by-hop. We compare Chainwrite against
multicast by quantifying the average number of hops per
destination, an implementation-agnostic metric that reflects
energy consumption and latency, across all experiments. We
set up an 8×8-cluster mesh NoC and scan Ndst from 4 to 63 (8
groups). Every group selects destinations randomly and repeats
this 128 times (1024 test points in total). For example, one
possible destination set for the Ndst = 4 test initiated by C0 is
{C3, C7, C21, C63}.

Fig. 7: The configuration overhead to Chainwrite 64KB data
to 1-8 destinations

For unicast, the Manhattan distances between the source
and all destinations are used to obtain the average number of
hops. For multicast, one packet is routed following the standard
XY-routing, and is divided when routes to different destinations
do not overlap. For Chainwrite, we evaluate the two proposed
scheduling algorithms introduced in §III-D against a naive
ordering following cluster IDs. Average hop counts are defined
as the number of edges the data traverses divided by Ndst.

As shown in Figure 6, as Ndst increases, unicast converges
to the average Manhattan distance of the network while both
multicast and Chainwrite converge to smaller values since
packets exploit shared edges. Simple Chainwrite suffers from
redundant paths and performs worse than multicast. However,
Chainwrite with the greedy heuristic optimizer is comparable
to multicast, while the TSP-based scheduling successfully
helps Chainwrite surpass multicast at scale. For Ndst = 63,
both Chainwrite and multicast with optimizers converge to the
theoretical limit of 1 hop per destination.

D. Chainwrite Configuration Overhead
As discussed in §III-A, Chainwrite introduces extra overhead

due to the four-phase handshaking through the chain. To
quantify the relationship between the overhead and the number
of destinations, we measure latency for a 64KB data copy using
Chainwrite with 1 to 8 destinations.

Fig. 7 shows that Chainwrite setup incurs an overhead of
82 cycles per additional destination, following a linear trend.
Although the latency value depends on the underlying NoC
implementation, the scaling behavior remains consistent.

E. DeepSeek-V3 Self-attention Layers Data Movement Evalua-
tion on FPGA

We implement the SoC with 3×3 clusters on an AMD
Versal™ VPK180 FPGA. Among them, C0 is a full cluster with
the GeMM accelerator, Torrent, and XDMA; and the others
are GeMM-less clusters due to FPGA resource constraints.
Fig. 8 details the annotated floorplan, frequency, and resource
utilization of the FPGA.

We extract three workloads from the self-attention layers
of Deepseek-V3 [27] and the required data layouts from the
architecture of the GeMM accelerator as shown in Table II:
(1) When calculating Q · KT at the prefill stage, the K
matrix (MNM16N8 layout) is the output of the previous
matrix multiplication. Since the Q matrix is large and will
be tiled to multiple accelerators, the K matrix needs to be
copied to multiple accelerators; (2) The output of Q · KT
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Fig. 9: Latency of each configurations
Experiement Setup Shape I/O Layout Multicast

P1:QKT_Single_Head 2048×192 MNM16N8/
MNM8N8 TRUE

P2:SV_Single_Head 2048×128 MNM16N8/
MNM8N8 TRUE

P3:KV_Matrix_MLA_Recovery 2048×512 MNM16N8/
MNM16N8 TRUE

D1:QKT_Single_Head 4096×192 MNM16N8/
MNM64N16 FALSE

D2:SV_Single_Head 4096×128 MNM16N8/
MNM64N16 FALSE

D3:KV_Matrix_MLA_Recovery 4096×512 MNM16N8/
MNM16N8 TRUE

TABLE II: Configuration Details

Fig. 10: DeepSeekV3 Evaluation: Performance results (top)
and configuration details (bottom)

is then multiplied with the V matrix. Thus, we need to
transform its data layout and copy it to multiple destinations,
similar to condition (1); (3) The recovery of the KV matrix
requires copying the KV-cache to all accelerators, but no
layout transformation is required. The same workloads are
also evaluated at the decode stage.

Fig. 9 shows that Torrent’s Chainwrite P2MP data copying
achieves up to 7.88× speedup over XDMA [16] thanks to
its highly-efficient ND affine access and Chainwrite capability.
Overall, Torrent provides order-of-magnitude speedups in data
copying operations of the self-attention layers, especially when
P2MP and layout transformations are required.

F. ASIC Synthesis and Power Analysis
Finally, we synthesize the SoC in a 16 nm silicon technology,

including 4 clusters with a 256KB scratchpad per cluster,

Sys�Mem
16.6%

(a)�SoC
2.8mm2

Cluster�1­3
39.8%

Cluster�0
23.3%

iDMA�0.8%
Sys.�Torrent�0.6%

Conn.
12.9%

CVA6
5.9%

( (b)�C0
0.65mm2

Cluster�Mem
51.1%

GeMM�Acc.
24.3%

Snitch
8.1%

Torrent
5.3%

Others
11.2%

(c)Torrent
34369 m2

Switch
5.7%

Frontend
56.0%

Ctrl.�&�Backend
25.6%+5.7%

Extension
11.4%

Cluster Mem
56.6%

Others
28.8%

(d)�C0

Cluster Mem
70.8%

Others
11.3%

Ctrl.�&�Backend
0.8%+0.4%

Ctrl.�&�Backend
0.7%+0.6%

(e)�C1&3

Frontend
16.7%

Others
15.2%

Cluster�Mem
71.2%

Frontend
12.7%

(f)�C2

Frontend
13.9%

Ctrl.�&�Backend
0.5%+0.4%

32000 34000
(g)�Area�(um2)

2

4

8

16

M
ax

im
um

�#
�o

f�D
es

tin
at

io
ns

Ar
ea

�=
�2

07
*d

es
ts

�+
�3

10
48

31449.9

31902.8
(+1.4%)

32697.3
(+4.0%)

34369.9
(+9.2%)

Fig. 11: The area breakdown of (a) the 4-cluster SoC, (b) the
accelerator cluster, and (c) the Torrent; the power breakdown
of (d) the initiator cluster, (e) the follower cluster at the middle
of the chain, and (f) the follower cluster at the tail of the chain;
(g) the relationship between the area and maximum number of
destinations for the initiator Torrent

and 512KB global memory. The first cluster is the fully-
featured cluster with a GeMM accelerator, while the accelerator
is removed from the remaining clusters. Five Torrents are
instantiated (one attached to the global SRAM and one for
each cluster) in the SoC. We conduct post-synthesis simulations
with a 64KB, 3-destination Chainwrite from cluster 0. We also
synthesize Torrent with different Ndst,max.

1) Area Analysis: Fig. 11(a) shows the SoC consumes
2.8mm2 of silicon area. Among them, the CVA6 [28] core
consumes 5.9%, cluster 0 consumes 23.3%, and the global
SRAM consumes 16.6% of the area. At the cluster scope
(Fig. 11(b)), Torrent consumes 5.3% of the area, only equivalent
to ∼1/5 of the size of the GeMM accelerator. Torrent has
a comparable size to iDMA while providing efficient N-
dimensional data copying and Chainwrite. At the SoC scope,
the Torrent attached to global memory barely occupies 0.6%
of the area. Thanks to the Chainwrite architecture, the total
Torrent area scales with a nearly constant hardware overhead
of 0.65% additional area per destination. (Fig. 11(g))

2) Power Analysis: The power of the initiator cluster is
175.7 mW (Fig. 11(d)). Among the follower Torrents, the ones
in the middle consume more power (Fig. 11(e)) because they
need to forward the data to the next hop. Our SoC reaches
4.68 pJ/B/hop energy efficiency.

V. Conclusion
We presented Torrent, a distributed DMA architecture that

enables flexible application-layer multicast for large-scale
SoCs. The FPGA implementation of Torrent-enhanced SoC
demonstrates up to 7.88× speedup over unicast baseline.
Compared to network-layer multicast, Torrent offers full AXI
compatibility and greater flexibility. Software scheduling further
improves efficiency and ensures full NoC bandwidth utilization.
Hardware results confirm minimal overhead of 1.2% in SoC
area and 2.3% in system power. Torrent delivers scalable P2MP
data transfers with a small cycle overhead of 82CC and area
overhead of 207 μm2 per destination.
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