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Abstract— Flexible on-chip interconnects
are necessary due to increasing complexity
of SoC as they accommodate different SoC
topologies. The AMBA AXI4 protocol is
prevalent because of its features including
separate read and write channels, burst
transactions, simultaneous transactions,
and provision for multiple master-slaves.
Unfortunately, there are significant
changes in RTL required with changes in
configuration  parameters including
number of master/slaves, address size, and
data size among others. In this paper, an
automation method  and  scalable
framework is developed for generating
RTL for configurable AMBA AXI4
interconnects. The architecture parameters
can be configured through a GUI created
using python. Thereafter, the Verilog RTL
will be automatically generated based on
these parameters including AXI channels,
arbitration, address decoding, routing, and
VALID/READY handshaking. The tool is
evaluated using configurations of 1M-2S,
2M-4S, 2M-8S, and 4M-8S in EDA
playground and EP Wave.

Keywords— AMBA AXI4, automated RTL
generation, AXI interconnect, Verilog,
configurable RTL, System-on-Chip (SoC),
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LINTRODUCTION

Modern SoCs contain processors, DMA
controllers, memory blocks, peripherals, and
accelerators that need an efficient
interconnect for communication. This is
why AMBA AXI4 protocol has been very
popular as an interconnect for on-chip
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communication due to the availability of
independent read/write channels, burst
transactions, transaction IDs, and
VALID/READY flow control [1], [2].
The complexity of AXI4 interconnect
increases significantly if there are many
masters and slaves involved in the design.
Proper arbitration, address decoding,
multiplexing, demultiplexing, transaction
and response handling are required. Any
change in system parameters may need
significant RTL changes and re-verification.
The authors have previously shown in their
conference paper an automatic tool using
Python/Tkinter framework for AXI RTL
generation and directed/UVM-based
verification. In this journal work, the
authors extend the above work by
investigating  asymmetric  master-slave
topologies, i.e., the number of masters and
slaves are not the same.

II. RELATED WORK
Earlier works have looked into high
performance SoC interconnects, AXI
arbitration, synthesizable AXI, DMA
architectures, and UVM-based verification.
Arbitration, buffering, and topology related
issues for high performance interconnects
were examined by Lyubavin and Telpukhov
[1]. AXI4 design and verification problems
were considered in [2] by Saini, whereas
synthesizable AXI implementations and the
need for address decoding were studied by
Reddy et al. [3].
In addition to this, multi-master and multi-
slave AXI architectures [6] as well as real-
time AXI interconnects for embedded
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systems [7] have been analyzed. UVM-
based approach allows creating reusable
drivers, = monitors, sequencers, and
scoreboards for AXI verification [5], [9],
[10]. DMA-based AXI architectures have
been looked into [8] for fast data transfers.
Even though the above-mentioned papers
prove the importance of AXI interconnect
design and verification, topology change of
the manually designed RTL interconnect
still requires significant modification. This
problem was handled before using
automation of RTL generation.
The current work continues the above
research by adding experimental results for
non-square master-slave configurations and
another UVM verification waveform.

III. AMBA AXI4 AND PROPOSED

ARCHITECTURE

A. AXI4 Architecture
AXI4 consists of five channels that work
independently, which are Write Address
(AW), Write Data (W), Write Response (B),
Read Address (AR), and Read Data (R). In
all channels, there is the VALID/READY
protocol to transfer data whenever both are
asserted.
In AXI4, there is burst transfer support,
transaction IDs, and multiple outstanding
transactions. The suggested generator can
implement FIXED, INCR, and WRAP burst
modes.
In a multi-master/multi-slave setup, the
general communication channel is:
Masters —  Arbitration —  Address
Decoding — Routing — Slaves
Read data and write responses move in the
opposite direction.

IV. PROPOSED AUTOMATED RTL

GENERATION FRAMEWORK

The proposed design framework includes
the following blocks: Python GUI, RTL
generation  core, generated  Verilog
interconnect, and HDL simulation setup.

Design flow is the following:
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User parameters — Python GUI — RTL
generator —  Verilog RTL — EDA
Playground — EPWave/ UVM verification
GUI supports selection of the following
parameter values:

Parameter

Values

Data width | 8, 16, 32 bits

Address width 8, 16 bits

Bus type AXI FULL

Burst type FIXED, INCR,
WRAP

Masters 1,2,4,8

Slaves 1,2,4,8

Generator  uses  selected  values  for
substitution in parameterized Verilog template.
Generated RTL code includes all AXI AW, W,
B, AR and R channels as well as arbitration,
address decoding and routing functionality.
The idea of parameterized design was used in
the previous implementation.

Fig.1. Python based GUI for AXI4 RTL

Generation
V. VERIFICATION METHODOLOGY
Verification of the generated

configuration was done via directed RTL
simulation and UVM-based verification.

In the first approach, generated
configurations were executed using EDA
Playground and analyzed using EPWave.
The configurations under verification are
listed in Table I.

TABLE I
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EVALUATED AXI4 CONFIGURATIONS

Configuration Masters Slaves Verification
IM-2S 1 2 Directed
2M-48S 2 4 Directed
2M-8S 2 8 Directed
4M-8S 4 8 Directed
DMA/FIFO/RAM 1 P UVM

Waveform was analyzed in terms of
clock/reset behavior, address transfer,

The result confirms the capability of the
generator to generate topology with

transaction ID, write/read data, different number of masters and slaves.
VALID/READY handshake, slave selection
and response activity. B. 2M-4S Configuration

VI. RESULTS AND DISCUSSION
A. 1M=-2S Configuration

00 0000000000000

Fig. 3. Output waveform for 2-master/4-
slave AXI4 interconnect.

The 2M-4S waveform represents multiple
master interfaces communicating with four
slave interfaces. The transaction addresses

Fig. 2. Output waveform for 1-master/2-
slave AXI4 interconnect.

The waveform of 1M-2S configuration
represents the asymmetric interconnect with
1 master interface and 2 slave interfaces. All
address, write data, transaction control and
slave side signals are active during the
simulation. The VALID/READY signals
represent the transfer process between
master, interconnect and selected slave.
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and IDs changes are accompanied by the
activity on master and slave side. The
VALID/READY signals represent the
transfer phases across the generated
interconnect.

The result shows that the generator can
accept additional master and slave interfaces
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with no modification in the generation
methodology.

. 2M-8S Configuration

FIG. 4. OUTPUT WAVEFORM FOR 2-
MASTER/8-SLAVE AXI4 INTERCONNECT.

The waveform of 2M—8S represents the
extension of slave dimension to 8 interfaces
but keeps the same number of master
interfaces. Multiple transaction addresses,
IDs, data values and handshake signals are
observed during the simulation.

The result shows that the number of slave
interfaces can be increased regardless of the
number of masters.

. 4M—-8S Configuration

Fig. 5. Output waveform for 4-master/8-
slave AXI4 interconnect.
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The 4M-8S configuration represents the
largest asymmetric topology considered in
this work. It consists of 4 master interfaces
and interconnect with 8 slave interfaces.

The waveform represents changes in
transaction IDs, addresses, write data and
VALID/READY activities. The result
confirms that the generated architecture is
able to support the large number of initiators
and target interfaces using the same
parameter-driven generation methodology.

. UVM Verification

The UVM verification environment consists
of a DMA master and FIFO/RAM slave
interface. The verification block contains
the test, environment, agent, sequencer,
driver, monitor and scoreboard.

In this methodology, the driver drives
transactions into the DUT, the monitor
monitors the activity on the bus and the
scoreboard compares the behavior with the
expected transaction results.

Fig. 6. UVM verification waveform for
DMA master with FIFO and RAM slave
interfaces.

The waveform includes signals dma addr,
dma read, dma write, dma wdata, fifo cs,
fifo rdata, ram cs and ram_rdata. Observed
chip-select activities of FIFO and RAM
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slave interfaces represent the routing of the
DMA transaction.

VII. SCALABILITY DISCUSSION

From the experimental results, it can be
noticed three types of scalability. First, the
number of masters can be increased from 1
to 4 with the same basic arbitration and
routing methodology. Second, the number
of slaves can be increased independently as
seen in 2M—4S and 2M-8S configurations.
Third, the results confirm the support for
asymmetric topologies, instead of limiting
the architecture to square configurations.
The progression of the experiments

IM-2S = 2M -4S — 2M -8S — 4M -
8S,shows that the same generation
framework can be used for different master-
slave ratio configurations.

The UVM experiment provides an
additional verification of the generated
interconnect through DMA transactions and
FIFO/RAM interfaces. In this way, the
directed and UVM simulation provides
functional proof of the generated AXI
communication paths.

VIII. CONCLUSION

Automated and scalable framework for
generating configurable AMBA AXI4
interconnect RTL has been presented. The
Python based GUI allows the designer to
select master number, slave number, address
width, data width and burst type and
automatically generates the Verilog RTL.

The journal extension evaluates four
asymmetric configurations: 1M-2S, 2M—4S,
2M-8S and 4M-8S. EDA Playground and
EPWave simulation provide an output with
address, data, transaction ID and
VALID/READY activities across the
generated interfaces. The additional UVM
based verification of DMA/FIFO/RAM
configuration confirms transaction routing
through the generated interconnect.

The results confirm that the proposed
parameter-driven method can be reused for
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different interconnect topologies without
manual redesign of the whole RTL
architecture. Future work will include
latency and throughput measurements, QoS-
based arbitration, coverage analysis and
synthesis evaluation.
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