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(57) Abstract: Systems and methods are disclosed for automated gen-
eration of integrated circuit designs and associated data. These allow
the design of processors and SoCs by a single, non-expert who under-
stands high-level requirements; allow the en masse exploration of the
design-space through the generation processors across the design-space
via simulation, or emulation; allow the easy integration of [P cores from
multiple third parties into an SoC, allow for delivery of a multi-tenant
service for producing processors and SoCs that are customized while
also being pre-verified and delivered with a complete set of developer
tools, documentation and related outputs. Some embodiments, provide
direct delivery, or delivery into a cloud hosting environment, of finished
integrated circuits embodying the processors and SoCs.
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INTEGRATED CIRCUITS AS A SERVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to and the benefit of U.S. Provisional Application
Patent Serial No. 62/713,841, filed August 2, 2018, the entire disclosure of which is hereby

incorporated by reference.

TECHNICAL FIELD
[0002] This disclosure relates to automated generation of integrated circuit designs and

associated data.

BACKGROUND
[0003] Integrated circuits are typically designed and tested in a multi-step process that
involves multiple specialized engineers performing a variety of different design and
verification tasks on an integrated circuit design. A variety of internal or proprietary (e.g.
company-specific) integrated circuit design tool chains are typically used by these engineers
to handle different parts of the integrated circuit design workflow of using commercial

electronic design automation (EDA) tools.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] The disclosure is best understood from the following detailed description when
read in conjunction with the accompanying drawings. It is emphasized that, according to
common practice, the various features of the drawings are not to-scale. On the contrary, the
dimensions of the various features are arbitrarily expanded or reduced for clarity.
[0005] FIG. 1 is block diagram of an example of a system for facilitating design of
integrated circuits.
[0006] FIG. 2 is block diagram of an example of a system for facilitating design and
manufacture of integrated circuits.
[0007] FIG. 3 is block diagram of an example of a system for facilitating design of
integrated circuits.
[0008] FIG. 4 is flow chart of an example of a process for facilitating design of integrated

circuits.
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[0009] FIG. 5 is flow chart of an example of an iterative process for facilitating design of
integrated circuits.

[0010] FIG. 6 is flow chart of an example of a process for generating a register-transfer
level data structure for an integrated circuit based on a design parameters data structure.
[0011] FIG. 7 is flow chart of an example of a process for generating a physical design
data structure for an integrated circuit based on a register-transfer level data structure.

[0012] FIG. 8 is flow chart of an example of a process for generating documentation for
an integrated circuit based on a register-transfer level data structure.

[0013] FIG. 9 is flow chart of an example of a process for generating a multi-tenant
physical design specification to facilitate manufacturing of integrated circuits.

[0014] FIG. 10 is flow chart of an example of a process for facilitating manufacturing and
testing of integrated circuits.

[0015] FIG. 11 is a diagram of an example display region generated for presenting a web
interface to facilitate selection of a template design of an integrated circuit.

[0016] FIG. 12 is a diagram of an example display region generated for presenting a web
interface to facilitate customized design of an integrated circuit.

[0017] FIG. 13 is a diagram of an example display region generated for presenting a web

interface to facilitate access to a customized design of an integrated circuit.

DETAILED DESCRIPTION
[0018] Systems and methods for automated generation and testing of integrated circuit
designs are disclosed. These systems provide a method that allows a single engineer who has
an idea for a processor, or system on a chip (SoC), design to easily specify their chip
requirements in terms of a handful of design parameter values (or colloquially knobs) and
have the system automate the operation of many commercial electronic design automation
(EDA) tools for both design and verification of the processors, or SoC, and thus accomplish
with a single engineer in hours (or minutes) what traditionally has taken massive teams of
specialized engineers familiar with the operation of specific EDA tools a much longer period
of time.
[0019] Thus, the system and methods enable the following challenging technical
problems to be addressed: (a) allow the design of processors and SoCs by a single, non-expert
who understands high-level requirements, (b) easily allow the scripted exploration of the
design-space through the generation of potentially thousands of alternate expressions of the

requirements and simulation, or emulation, of the completed designs en masse, (c) automate
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the integration of intellectual property (IP) cores (or blocks) from multiple third parties with a
processor design into an SoC, and (d) allow for the creation of a multi-tenant, or hosted,
processor and SoC service that produces custom, yet pre-verified, processors and SoCs. In the
case of (d), the service can be extended all the way to the delivery of manufactured
processors or SoCs either to a user or to a cloud environment, e.g. a 3™ party receives the
processor and installs it into a cloud where the user can control its operation.

[0020] One element supporting and undergirding multiple embodiments is the
development and use of a number of conventions and templating to allow customer-provided
parameters to dictate the delivered resource from a given service (see detailed discussion of
the services, below). The conventions (e.g., think like ma in being the entry point for a C-
program) together with the service-specific templating, or parameterization, are used to
customize and then invoke commercial (and also open source) EDA tools. For example,
chisel is an open source tool for hardware construction that uses a Scala program to
generate register-transfer language such as Verilog. The user-defined design parameters
discussed above and herein can be templated into a configuration, or provided as parameters,
to say a general Chisel program for a RISC-V processor to produce a user-specific variant.
The output from that can be used as design parameters for further services and so on. The
point of this being that these technical approaches of conventions and
templating/parameterization provide for tremendous flexibility to systematically automate a
complex toolchain usage of EDA tools to produce a processor or SoC design that is verified,
and potentially even emulated/simulated.

[0021] A web interface and/or a scripting application programming interface (API) may
be provided for selecting a set of design parameter values associated with one or more
template integrated circuit designs. The template designs may be encoded using conventions
to facilitate modular design. A set of design parameter values is encoded in a design
parameters data structure and passed to an automated system for generation and testing of an
integrated circuit design using the chosen design parameter values. For example the design
parameters of the design parameters data structure may include whether privilege modes are
supported, whether multiply extension is supported, whether floating point extension is
supported, whether error-correcting codes are supported in on-chip memory, the size of an
instruction cache, an associativity of the instruction cache, a size of a data subsystem in on-
chip memory, whether a port (e.g., a front port, a system port, a peripheral port, or a memory

port) is included, a count of memory port channels, a port communication protocol selection,
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a bus width, a count of physical memory protection units, whether JTAG debugging is
supported, a count of hardware breakpoints, whether instruction tracing is supported, whether
debug direct memory access is supported, a count of local interrupts, whether a platform level
interrupt controller is supported, a count of interrupt priority levels, a count of global
interrupts, whether branch prediction is supported, a count of branch target buffer entries, a
count of branch history table entries, and/or a selection of a manufacturing process.

[0022] For example, a single command issued from the web interface may trigger the
automatic generation of register-transfer level data, a software development kit,
documentation, and a physical design file (e.g., GDSII file) for an integrated circuit that
embodies the selected design parameter values. The single command may also trigger the
generation an execution of a test plan for the integrated circuit design that has been generated.
The resulting design data and corresponding test results may be provided to a user as, for
example, a set of files, an archive, or a repository (e.g., a GitHub repository). The system
may also facilitate the manufacture of an integrated circuit (e.g., a processor or system-on-a-
chip (SoC)) using the resulting design by actually manufacturing the integrated circuit or
forwarding the physical design to an external foundry for manufacturing and tracking the
progress of the fabrication, testing, shipping, and/or installation of the manufactured chips.
The system may change the way chips are designed to allow non-specialists to customize a
chip by selecting relatively simple design parameters, which may enable fast design space
exploration of the actual RTL or physical chip. For example, a well-designed chip can be
developed from a high level set of configuration settings using a mix of Diplomacy, Chisel,
FIRRTL. The system may be implemented efficiently by using a single language (e.g., Scala)
to control multiple task in a design pipeline. Embedding in a functional programming
language may provide more flexibility and may increase designer/user productivity.

[0023] In some implementations, field programmable gate array (FPGA) and/or other
emulation models of the integrated circuit design are generated and used for testing. An
FPGA model may be loaded onto a cloud-based FPGA that is used for verification testing.
The system may enable easy configuration of an IP core. Feedback (e.g., performance, power,
and area estimates for the integrated circuit) may be provided during the process and keeping
user updated about where ordered chips are (e.g., where is my chip within the fabrication
process or shipment tracking). The system may provide price estimates for a design, i.e., how
much will acquiring the resulting chips cost. For example, both NRE (non-recurring
engineering cost) and per unit cost estimates may be provided. The system may use a

template based chip design (e.g., start with a provider or 3rd party-provided template of mix
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of IP/configurations. These chip or IP core templates can be open-sourced and/or private per
user preference, which will be developed with a certain NRE.

[0024] Some implementations use a version control system (e.g., Git/GitHub) to maintain
template designs and to store and/or share customized integrated circuit designs and
associated data. A version control system may provide source code management functions
and enable further customization of designs. The version control services may be targeted for
advanced users who want to further customize the chip. For example after an initial design is
automatically generated based on a set on design parameter values, a controller of the system
may give them a repository (e.g., a Git) with the basic building blocks wired together. The
user could now add additional IP cores or customize the source code. For example, a user
could incorporate their custom IP cores or change the source code. For example, a user could
extend the test plan or documentation by committing specific files to the repository.

[0025] For example, the existing items discussed above may behave by conventions. So,
for example, a user could add chapters to the documentation in their custom IP core directory
using the right conventions. In some implementations, an “IP store” can be provided to
facilitate sharing of designs, where well designed IP cores that follow the conventions can be
pulled into another design and all of the above processes work in an automated fashion on it.
For example, these could be a full implementation or just FPGA demos already taped out.
The IP store may enable programmatic installation of 3rd party IP cores into a design. For
example, a directory in Git that follows the applicable modular design conventions may be
easily added/selected from a web application for the system. This ability to integrate the IP
cores from multiple parties solves a challenging technical problem since cores from two
different vendors might typically be pre-designed for different EDA design and verification
tool usage/flows, e.g. one core may need additional different processing with EDA tools than
another core.

[0026] In a first aspect, the subject matter described in this specification can be embodied
in systems that include a web application server configured to generate a design parameters
data structure based on input received, wherein the design parameters data structure includes
values of design parameters of an integrated circuit design, and configured to display an auto-
updating block diagram of a template design reflecting changes to values of the design
parameters of the integrated circuit; a register-transfer level service module configured to
generate a register-transfer level data structure for the integrated circuit based on the design
parameters data structure; a software development kit service module configured to generate

a software development kit for the integrated circuit based on the register-transfer level data
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structure; a physical design service module configured to generate a physical design data
structure for the integrated circuit based on the register-transfer level data structure; a
verification service module configured to generate a test plan for an integrated circuit based
on the design parameters data structure and acceptance criteria; and a controller configured to
access the design parameters data structure, invoke the register-transfer level service module
with the design parameters data structure to obtain the register-transfer level data structure,
invoke the software development kit service module with the register-transfer level data
structure to obtain the software development kit, invoke the physical design service module
with the register-transfer level data structure to obtain the physical design data structure,
invoke the verification service module to obtain the test plan, and invoke tests for the
integrated circuit based on the test plan, the register-transfer level data structure, the software
development kit, and the physical design data structure to obtain a set of test results.

[0027] In the first aspect, the systems may include a documentation service module
configured to generate documentation for the integrated circuit based on the register-transfer
level data structure. In the first aspect, the systems may include a field programmable gate
array service module configured to generate a field programmable gate array emulation data
structure for the integrated circuit based on the register-transfer level data structure and the
software development kit. In the first aspect, the controller may be configured to invoke a test
using a field programmable gate array, programmed based on the field programmable gate
array emulation data structure, to obtain an emulation result, wherein the field programmable
gate array is operating on a cloud server. In the first aspect, the controller may include an
application programming interface that enables scripting to process multiple design
parameters data structures. In the first aspect, the controller may be configured to transmit a
physical design specification based on the physical design data structure to a server to invoke
manufacturing of the integrated circuit. In the first aspect, the register-transfer level data
structure may include a memory map, one or more port assignments, and floorplan
information. In the first aspect, the register-transfer level service module may be configured
to execute Scala code to read the design parameters data structure and dynamically generate a
circuit graph. In the first aspect, the register-transfer level service module may be configured
to invoke a Diplomacy package in Chisel to determine a bus protocol for the integrated
circuit. In the first aspect, the software development kit for the integrated circuit may include
loaders for a Verilog simulator and a physical field programmable gate array to be flashed. In
the first aspect, the controller may be configured to update the design parameters data

structure based on the test results. In the first aspect, the design parameters data structure may
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include a reference to a template design. In the first aspect, the integrated circuit may be an IP
core. In the first aspect, the integrated circuit may be a system-on-a-chip. The first aspect may
include any combination of the features described in this paragraph.

[0028] In a second aspect, the subject matter described in this specification can be
embodied in methods that include accessing a design parameters data structure, wherein the
design parameters data structure includes values of design parameters of an integrated circuit
design; responsive to a command identifying the design parameters data structure, generating
a register-transfer level data structure for an integrated circuit based on the design parameters
data structure; responsive to the command identifying the design parameters data structure,
generating a software development kit for the integrated circuit based on the register-transfer
level data structure; responsive to the command identifying the design parameters data
structure, generating a physical design data structure for the integrated circuit based on the
register-transfer level data structure; responsive to the command identifying the design
parameters data structure, generating a test plan for an integrated circuit based on the design
parameters data structure and acceptance criteria; responsive to the command identifying the
design parameters data structure, invoking tests for the integrated circuit based on the test
plan, the register-transfer level data structure, the software development kit, and the physical
design data structure to obtain a set of test results; and transmitting, storing, or displaying a
design data structure based on the register-transfer level data structure, the software
development kit, the physical design data structure, and the test results.

[0029] In the second aspect, the methods may include, responsive to the command
identifying the design parameters data structure, generating documentation for the integrated
circuit based on the register-transfer level data structure. In the second aspect, generating
documentation for the integrated circuit may include parsing the register-transfer level data
structure for the integrated circuit to identify applicable portions of a documentation
framework; generating snippets of documentation based on the applicable portions identified;
assembling the snippets into a dictionary; instantiating a document from a template; and
merging references to the dictionary with the document. In the second aspect, the methods
may include, responsive to the command identifying the design parameters data structure,
generating a field programmable gate array emulation data structure for the integrated circuit
based on the register-transfer level data structure and the software development kit. In the
second aspect, the methods may include invoking a test using a field programmable gate
array, programmed based on the field programmable gate array emulation data structure, to

obtain an emulation result, wherein the field programmable gate array is operating on a cloud
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server. In the second aspect, the methods may include transmitting a physical design
specification based on the physical design data structure to a server to invoke manufacturing
of the integrated circuit. In the second aspect, the physical design specification includes
designs for multiple independent integrated circuits, including the integrated circuit, and the
methods may include: allocating mask area to the multiple independent integrated circuits
based on a production plan; and performing design rule checks on the physical design
specification. In the second aspect, the methods may include: manufacturing the integrated
circuit; installing the integrated circuit in a system configured to operate the integrated circuit
responsive to commands received via communications with a cloud server; and transmitting a
login for accessing and controlling the integrated circuit. In the second aspect, the design
parameters data structure may include a JSON file and generating the register-transfer level
data structure for the integrated circuit comprises: parsing the JSON file to determine the
values of the design parameters of the integrated circuit design; converting the design
parameter values into input parameter values for an register-transfer level generator; and
invoking the register-transfer level generator with the input parameters to obtain register-
transfer level data included in the register-transfer level data structure. In the second aspect,
the register-transfer level data structure may include a memory map, one or more port
assignments, and floorplan information. In the second aspect, generating the register-transfer
level data structure for the integrated circuit may include executing Scala code to read the
design parameters data structure and dynamically generate a circuit graph. In the second
aspect, generating the register-transfer level data structure for the integrated circuit may
include invoking a Diplomacy package in Chisel to determine a bus protocol for the
integrated circuit. In the second aspect, generating the software development kit for the
integrated circuit may include generating loaders for a Verilog simulator and a physical field
programmable gate array to be flashed. In the second aspect, the methods may include
receiving the acceptance criteria with the design parameters data structure. In the second
aspect, the methods may include updating the design parameters data structure based on the
test results. In the second aspect, the design parameters data structure may include a reference
to a template design. In the second aspect, generating the physical design data structure for
the integrated circuit may include: invoking source synthesis and place and route tools;
invoking logical equivalent checking; and invoking a static timing analysis tool. In the second
aspect, the methods may include generating the design parameters data structure based on
input received via a web application that displays an auto-updating block diagram of a

template design reflecting changes to values of the design parameters of the integrated circuit.
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In the second aspect, the methods may include generating the design parameters data
structure based on input received via an application programming interface. In the second
aspect, the integrated circuit may be an IP core. In the second aspect, the integrated circuit
may be a system-on-a-chip. The second aspect may include any combination of the features
described in this paragraph.

[0030] In a third aspect, the subject matter described in this specification can be
embodied in systems that include a network interface, a memory, and a processor, wherein
the memory includes instructions executable by the processor to cause the system to: access a
design parameters data structure, wherein the design parameters data structure includes
values of design parameters of an integrated circuit design; responsive to a command
identifying the design parameters data structure, generate a register-transfer level data
structure for an integrated circuit based on the design parameters data structure; responsive to
the command identifying the design parameters data structure, generate a software
development kit for the integrated circuit based on the register-transfer level data structure;
responsive to the command identifying the design parameters data structure, generate a
physical design data structure for the integrated circuit based on the register-transfer level
data structure; responsive to the command identifying the design parameters data structure,
generate a test plan for an integrated circuit based on the design parameters data structure and
acceptance criteria; responsive to the command identifying the design parameters data
structure, invoke tests for the integrated circuit based on the test plan, the register-transfer
level data structure, the software development kit, and the physical design data structure to
obtain a set of test results; and transmit, using the network interface, a design data structure
based on the register-transfer level data structure, the software development kit, the physical
design data structure, and the test results.

[0031] In the third aspect, the memory may include instructions executable by the
processor to cause the system to, responsive to the command identifying the design
parameters data structure, generate documentation for the integrated circuit based on the
register-transfer level data structure. In the third aspect, generating documentation for the
integrated circuit may include: parsing the register-transfer level data structure for the
integrated circuit to identify applicable portions of a documentation framework; generating
snippets of documentation based on the applicable portions identified; assembling the
snippets into a dictionary; instantiate a document from a template; and merging references to
the dictionary with the document. In the third aspect, the memory may include instructions

executable by the processor to cause the system to: responsive to the command identifying
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the design parameters data structure, generate a field programmable gate array emulation data
structure for the integrated circuit based on the register-transfer level data structure and the
software development kit. In the third aspect, the memory includes instructions executable by
the processor to cause the system to: invoke a test using a field programmable gate array,
programmed based on the field programmable gate array emulation data structure, to obtain
an emulation result, wherein the field programmable gate array is operating on a cloud server.
In the third aspect, the memory may include instructions executable by the processor to cause
the system to: transmit a physical design specification based on the physical design data
structure to a server to invoke manufacturing of the integrated circuit. In the third aspect, the
physical design specification may include designs for multiple independent integrated
circuits, including the integrated circuit, and the memory may include instructions executable
by the processor to cause the system to: allocate mask area to the multiple independent
integrated circuits based on a production plan; and perform design rule checks on the physical
design specification. In the third aspect, the memory may include instructions executable by
the processor to cause the system to: manufacture the integrated circuit; install the integrated
circuit in a system configured to operate the integrated circuit responsive to commands
received via communications with a cloud server; and transmit a login for accessing and
controlling the integrated circuit. In the third aspect,the design parameters data structure may
include a JSON file and generating the register-transfer level data structure for the integrated
circuit may include: parsing the JSON file to determine the values of the design parameters of
the integrated circuit design; converting the design parameter values into input parameter
values for an register-transfer level generator; and invoking the register-transfer level
generator with the input parameters to obtain register-transfer level data included in the
register-transfer level data structure. In the third aspect, the register-transfer level data
structure may include a memory map, one or more port assignments, and floorplan
information. In the third aspect, generating the register-transfer level data structure for the
integrated circuit may include: executing Scala code to read the design parameters data
structure and dynamically generate a circuit graph. In the third aspect, generating the register-
transfer level data structure for the integrated circuit may include: invoking a Diplomacy
package in Chisel to determine a bus protocol for the integrated circuit. In the third aspect,
generating the software development kit for the integrated circuit may include: generating
loaders for a Verilog simulator and a physical field programmable gate array to be flashed. In
the third aspect, the memory may include instructions executable by the processor to cause

the system to: receive the acceptance criteria with the design parameters data structure. In the
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third aspect, the memory may include instructions executable by the processor to cause the
system to: update the design parameters data structure based on the test results. In the third
aspect, the design parameters data structure includes a reference to a template design. In the
third aspect, generating the physical design data structure for the integrated circuit may
include: invoking source synthesis and place and route tools; invoking logical equivalent
checking; and invoking a static timing analysis tool. In the third aspect, the memory may
include instructions executable by the processor to cause the system to: generate the design
parameters data structure based on input received via a web application that displays an auto-
updating block diagram of a template design reflecting changes to values of the design
parameters of the integrated circuit. In the third aspect, the memory may include instructions
executable by the processor to cause the system to: generate the design parameters data
structure based on input received via an application programming interface. In the third
aspect, the integrated circuit may be an IP core. In the third aspect, the integrated circuit may
be a system-on-a-chip. The third aspect may include any combination of the features
described in this paragraph.

[0032] In a fourth aspect, the subject matter described in this specification can be
embodied in methods that include receiving a design parameters file, wherein the design
parameters file includes values of design parameters of an integrated circuit design;
automatically generating a register-transfer level file, a software development kit, and a
physical design file for an integrated circuit based on the design parameters file; and
automatically invoking tests for the integrated circuit based on the register-transfer level file,
the software development kit, and the physical design file to obtain a set of test results.
[0033] In the fourth aspect, the methods may include automatically generating
documentation for the integrated circuit based on the register-transfer level file. In the fourth
aspect, generating documentation for the integrated circuit may include: parsing the register-
transfer level file for the integrated circuit to identify applicable portions of documentation
framework; generating snippets of documentation based on the applicable portions identified;
assembling the snippets into a dictionary; instantiating a document from a template; and
merging references to the dictionary with the document. In the fourth aspect, the methods
may include automatically generating a field programmable gate array emulation file for the
integrated circuit based on the register-transfer level file and the software development kit. In
the fourth aspect, the methods may include invoking a test using a field programmable gate
array, programmed based on the field programmable gate array emulation file, to obtain an

emulation result, wherein the field programmable gate array is operating on a cloud server. In
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the fourth aspect, the methods may include transmitting a physical design specification based
on the physical design file to a server to invoke manufacturing of the integrated circuit. In the
fourth aspect, the physical design specification may include designs for multiple independent
integrated circuits, including the integrated circuit, and the methods may include: allocating
mask area to the multiple independent integrated circuits based on a production plan; and
performing design rule checks on the physical design specification. In the fourth aspect, the
methods may include manufacturing the integrated circuit; installing the integrated circuit in
a system configured to operate the integrated circuit responsive to commands received via
communications with a cloud server; and transmitting a login for accessing and controlling
the integrated circuit. In the fourth aspect, the design parameters file may include a JSON file
and generating the register-transfer level file for the integrated circuit may include: parsing
the JSON file to determine the values of the design parameters of the integrated circuit
design; converting the design parameter values into input parameter values for an register-
transfer level generator; and invoking the register-transfer level generator with the input
parameters to obtain register-transfer level data included in the register-transfer level file. In
the fourth aspect, the register-transfer level file may include a memory map, one or more port
assignments, and floorplan information. In the fourth aspect, generating the register-transfer
level file for the integrated circuit may include: executing Scala code to read the design
parameters file and dynamically generate a circuit graph. In the fourth aspect, the methods
may include generating the register-transfer level file for the integrated circuit may include:
invoking a Diplomacy package in Chisel to determine a bus protocol for the integrated
circuit. In the fourth aspect, generating the software development kit for the integrated circuit
may include: generating loaders for a Verilog simulator and a physical field programmable
gate array to be flashed. In the fourth aspect, the methods may include receiving acceptance
criteria with the design parameters file. In the fourth aspect, the methods may include
updating the design parameters file based on the test results. In the fourth aspect, generating
the physical design file for the integrated circuit may include: invoking source synthesis and
place and route tools; invoking logical equivalent checking; and invoking a static timing
analysis tool. In the fourth aspect, the methods may include: generating the design parameters
file based on input received via a web application that displays an auto-updating block
diagram of a template design reflecting changes to values of the design parameters of the
integrated circuit. In the fourth aspect, the methods may include generating the design
parameters file based on input received via an application programming interface. In the

fourth aspect, the integrated circuit may be an IP core. In the fourth aspect, the integrated
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circuit may be a system-on-a-chip. The fourth aspect may include any combination of the
features described in this paragraph.

[0034] In a fifth aspect, the subject matter described in this specification can be embodied
in systems that include a web application server configured to generate a design parameters
data structure based on input received, wherein the design parameters data structure includes
values of design parameters of an integrated circuit design, configured to display an auto-
updating block diagram of a template design reflecting changes to values of the design
parameters of the integrated circuit, and configured to issue a command to build the
integrated circuit design; and a controller configured to, responsive to the command to build
the integrated circuit design, access the design parameters data structure, invoke a register-
transfer level service module with the design parameters data structure to obtain a register-
transfer level data structure, invoke a software development kit service module with the
register-transfer level data structure to obtain a software development kit, invoke a physical
design service module with the register-transfer level data structure to obtain a physical
design data structure, invoke a verification service module to obtain a test plan, and invoke
tests for the integrated circuit based on the test plan, the register-transfer level data structure,
the software development kit, and the physical design data structure to obtain a set of test
results.

[0035] In the fifth aspect, the controller may be configured to: invoke a documentation
service module with the register-transfer level data structure to obtain documentation for the
integrated circuit based on the register-transfer level data structure. In the fifth aspect, the
controller may be configured to: invoke a field programmable gate array service module
configured to generate a field programmable gate array emulation data structure for the
integrated circuit based on the register-transfer level data structure and the software
development kit. In the fifth aspect, the controller may be configured to invoke a test using a
field programmable gate array, programmed based on the field programmable gate array
emulation data structure, to obtain an emulation result, wherein the field programmable gate
array is operating on a cloud server. In the fifth aspect, the controller may include an
application programming interface that enables scripting to process multiple design
parameters data structures. In the fifth aspect, the controller may be configured to transmit a
physical design specification based on the physical design data structure to a server to invoke
manufacturing of the integrated circuit. In the fifth aspect, the register-transfer level data
structure may include a memory map, one or more port assignments, and floorplan

information. In the fifth aspect, the register-transfer level service module may be configured
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to execute Scala code to read the design parameters data structure and dynamically generate a
circuit graph. In the fifth aspect, the register-transfer level service module may be configured
to invoke a Diplomacy package in Chisel to determine a bus protocol for the integrated
circuit. In the fifth aspect, the software development kit for the integrated circuit comprises
loaders for a Verilog simulator and a physical field programmable gate array to be flashed. In
the fifth aspect, the controller may be configured to update the design parameters data
structure based on the test results. In the fifth aspect, the design parameters data structure
may include a reference to a template design. In the fifth aspect, the integrated circuit may be
an IP core. In the fifth aspect, the integrated circuit may be a system-on-a-chip. The fifth
aspect may include any combination of the features described in this paragraph.

[0036] FIG. 1 is block diagram of an example of a system 100 for facilitating design of
integrated circuits. The system 100 includes an integrated circuit design service infrastructure
110 that processes requests received from a web client 102 and a scripting API client 104 via
communications over a network 106. For example, the integrated circuit design service
infrastructure 110 may be implemented as software running on one or more networked
computing devices. For example, the integrated circuit design service infrastructure 110 may
be implemented on the system 300 of FIG. 3. The integrated circuit design service
infrastructure 110 includes a web application server 112; a scripting API server 114; and a
controller 120 that determines integrated circuit designs using a collection of services (130,
140, 150, 160, 170, and 180) based design parameter values stored in a design parameters
data structure 122. For example, the system 100 may implement the process 400 of FIG. 4.
For example, the system 100 may implement the process 400 of FIG. 4. For example, the
system 100 may implement the process 500 of FIG. 5. For example, the network 106 may be
a local area network or a wide array network (e.g., the Internet).

[0037] The system 100 includes a web client 102 that may be used to interact with and
control the integrated circuit design service infrastructure 110. For example, the web client
102 may include web browser software running a computing device (e.g., desktop computer,
a laptop, a tablet, or a smartphone). The web client 102 may display a web interface
generated by and received from the web application server 112. For example, the web
interface may include design knobs that enable a user to select design parameter values for an
integrated circuit design.

[0038] The system 100 includes a scripting API client 104 that may be used to interact
with and control the integrated circuit design service infrastructure 110. For example, the

scripting API client 104 may include a script (e.g., a Python script, a Java script, or a Ruby
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script) running a computing device (e.g., desktop computer, a laptop, a tablet, or a
smartphone) that communicates with the scripting API server 114 via network
communications (e.g., using a transport control protocol (TCP) session). The scripting API
client 104 may generate API calls to the controller 120 and use the API calls to select design
parameter values for one or more integrated circuit designs that are encoded in a design
parameters data structure 122 (e.g., a design parameters file) and to command the controller
120 to generate and test the one or more integrated circuit designs based on the design
parameters data structure 122. In some implementations, a script of the scripting API client
104 may be used to control iteration over a design space to test a large a large number of
candidate permutations of design parameter values.

[0039] The integrated circuit design service infrastructure 110 includes a web application
server 112 that generates a web interface to facilitate control of the integrated circuit design
service infrastructure 110. The web interface may include configuration knobs (e.g., icons or
fields) that can be used to select design parameter values for an integrated circuit design. The
web application server 112 may be configured to generate a design parameters data structure
122 (e.g., a design parameter file or a design parameters database) based on input received
(e.g., caused by user interaction with configuration knobs at the web client 102). The design
parameters data structure 122 may include values of design parameters of an integrated
circuit design. The design parameters data structure 122 may include a reference to a template
design (e.g., a template design for an IP core), which may be modified based on the values of
the design parameters. For example, the design parameters data structure 122 may include a
JavaScript object notation (JSON) file with the values of the design parameters selected using
knobs of the web interface. The web application server 112 may be configured to display an
auto-updating block diagram of a template design reflecting changes to values of the design
parameters of the integrated circuit (e.g., an IP core or a SoC). For example, the web
application server 112 may generate the display region 1110 of FIG. 11. For example, the
web application server 112 may generate the display region 1210 of FIG. 12. For example,
the web application server 112 may generate the display region 1310 of FIG. 13. In some
implementations, the web application server 112 is implemented as software (e.g., Python or
Django front end tools) running on a same computing device as the controller 120. In some
implementations, the web application server 112 is implemented as software running on a
separate computing device from the controller 120. In some implementations, the web
application server 112 communicates with the controller 120 via API calls and may even

route the API calls to the controller via the scripting API server 114.
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[0040] The web interface generated by the web application server 112 may include knobs
for selecting a wide variety of design parameter values. For example, a knob can be used to
select a binary design parameter (e.g., including a multiplier block or not including a
multiplier block with a check box or radial button icon). For example, a knob can be used to
select from a discrete list of options for a design parameter (e.g., selecting a manufacturing
process using a drop-down menu). For example, a knob can be used to select a value
(quantized) that varies over a range (e.g., a number of interrupts or a clock frequency may be
adjusted by entering a value in a text field or by moving a slider icon). The web application
server 112 may reflect dependencies between different design parameters by altering or
disabling a knob based on a selection made with another knob of the web interface. Thus the
selection of a design parameter value may constrain or limit the selection of other design
parameters. For example, knobs relating to data cache design parameters may be disabled
(e.g., grayed out) when a knob relating to a number of memory ports is used to select zero
memory ports for inclusion in the integrated circuit.

[0041] The web interface generated by the web application server 112 may include an
auto-updating block diagram that reflects current selections of design parameter values as the
values are changed using knobs of the web interface. The auto-updating block diagram may
provide a visual representation of the status of the design parameters data structure 122 that is
being generated.

[0042] The web interface generated by the web application server 112 may include
power, performance, and/or area estimates for a design based on current values of design
parameters selected with knobs of the web interface. In some implementations, the power,
performance, and/or area estimates may be updated in real-time responsive to changes made
using the knobs of the web interface. For example, the web application server 112 may access
a table of samples of the design space that is used as a model for power, performance, and
area (PPA), and given a knob setting, these numbers may be calculated (e.g., using
interpolation) from the model and instantly displayed. In some implementations, web
interface generated by the web application server 112 may include power, performance,
and/or area estimates that are determined based on a completely generated design available
after a design based on the selected design parameter values has been generated and tested
using the integrated circuit design service infrastructure 110.

[0043] The web interface generated by the web application server 112 may include an
icon that may be used to issue a command to the controller 120 to build an integrated circuit

design based on a set of design parameter values encoded in a design parameters data
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structure. The web interface generated by the web application server 112 may provide status
updates on the integrated circuit design as it is generated, tested, and/or manufactured.
[0044] The integrated circuit design service infrastructure 110 includes a scripting API
server 114 that is configured to receive and convey API calls to the controller 120. For
example, the scripting API server 114 may facilitate network communications (e.g., using
TCP) between the controller 120 and the scripting API client 104. The scripting API server
114 may be used to generate a design parameters data structure 122 (e.g., a design parameter
file or a design parameters database) based on input received via an application programming
interface. For example, the API of the controller 120 may be a representational state transfer
(REST) APIL Using the scripting API may enable users to easily test a wide variety of design
parameter value selections to search a design space efficiently. For example, a user can write
a script to programmatically test thousands of designs in the cloud with small parameter
tweaks. Automated regression testing may be enabled. Users may write customized
controllers that call APIs.

[0045] The integrated circuit design service infrastructure 110 includes a controller 120
configured to generate an integrated circuit design based on a design parameters data
structure 122 and test the design. For example, the controller 120 may be configured to
access the design parameters data structure 122, invoke the register-transfer level service
module 130 with the design parameters data structure 122 to obtain the register-transfer level
data structure 132, invoke the software development kit service module 140 with the register-
transfer level data structure 132 to obtain the software development kit 142, invoke the
physical design service module 160 with the register-transfer level data structure 132 to
obtain the physical design data structure 162, invoke the verification service module 180 to
obtain the test plan 182, and invoke tests for the integrated circuit based on the test plan 182,
the register-transfer level data structure 132, the software development kit 142, and the
physical design data structure 162 to obtain a set of test results 190. The controller 120 may
includes an application programming interface that enables scripting (e.g., via the scripting
API server 114) to process multiple design parameters data structures. For example, the
controller 120 may perform the actions to generate the integrated circuit design responsive to
a command to build the integrated circuit design that is issued be the web application server
112 or the scripting API server 114. For example, the controller 120 may be implemented as
software running on the system 300 of FIG. 3.

[0046] For example, the controller 120 may be implemented as cloud service. The

controller 120 may implement a sequenced build pipeline for an integrated circuit design
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based on the design parameters in a design parameter data structure (e.g., a design parameter
file). For example, the integrated circuit may be an IP core. For example, the integrated
circuit may be a system-on-a-chip. The controller 120 may utilize pre-configured semantics
for the inputs and services that work off of the outputs of previous stages in a design building
pipeline. The controller 120 may take a design parameter data structure (e.g., a JSON file) as
input from the web application server 112 or the scripting API server 114 and output a design
data structure (e.g., a compressed archive of design files and/or test results for an integrated
circuit design) that includes outputs from various services (130, 140, 150, 160, 170, and/or
180) used in the sequenced design pipeline. For example, the design pipeline implemented by
the controller 120 may include four stages. In a first stage, the register-transfer level service
module 130 may be invoked to generate a register-transfer level data structure 132 based on
the design parameters data structure 122. In a second stage, multiple design services that
depend on the register-transfer level data structure may be invoked in parallel to generate
respective design related data structures. For example, the software development kit service
module 140, the documentation service module 150, the physical design service module 160,
and the field programmable gate array design service may be invoked in parallel or in any
sequence to generate a software development kit 142, documentation 152, a physical design
data structure (e.g., a GDSII file), and a field programmable gate array emulation data
structure 172 (e.g., an FPGA emulation file) based on the register-transfer level data structure
132 and the design parameters data structure 122. In a third stage, the verification service
module 180 may be invoked to generate a test plan 182 and the test plan 182 may be executed
by invoking tests to obtain test results 190 for the integrated circuit design. For example, the
design verification tests may depend on the register-transfer level data structure 132, the
software development kit 142, physical design data structure 162, and/or the field
programmable gate array emulation data structure 172. For example, the invoked verification
tests may be executed directly by the controller 120, by the verification service module 180,
and/or by an external service (e.g., a cloud based FPGA or emulation service that is accessed
via communications over the network 106). In a fourth stage, the verified integrated circuit
design may fabricated. For example, fabrication may be initiated by sending (e.g., via
communications over the network 106) a design data structure based on the physical design
data structure (e.g., a GDSII file) to a server of an integrated circuit manufacturing facility. In
some implementations (not shown in FIG. 1), integrated circuit fabrication equipment used to
fabricate the integrated circuit may be included in the integrated circuit design service

infrastructure 110.
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[0047] The controller 120 may be configured to handle reporting errors and/or feedback
to the web application server 112 for relay to the web client 102. The controller 120 may be
configured to handle multiple requests from other tenants/companies/users. The controller
120 may be configured to manage workloads in the cloud. The controller 120 may be
configured to inform a user where to get the results of the design pipeline (e.g., fabricated
chips and/or design test results). For example, the controller 120 may be configured to
orchestrate or manage launching the FPGA in a cloud environment for testing and provide
login credentials back to the web application server 112 for relay to the web client 102.
[0048] In some implementations, the controller 120 may return a generated integrated
circuit design as a repository (e.g. GitHub repository) with the basic building blocks wired
together. A user with access to the repository could now add additional IP cores or customize
the source code. For example, a generated design data structure may be transmitted to or
stored by the controller 120 to a GitHub repository and access credentials for the GitHub
repository may be delivered to the user (e.g., via the web interface).

[0049] The integrated circuit design service infrastructure 110 includes a register-transfer
level service module 130 configured to generate a register-transfer level data structure 132 for
the integrated circuit based on the design parameters data structure 122. For example, the
register-transfer level service module 130 may be implemented as Scala code. For example,
the register-transfer level service module 130 may be implemented using Scala code. For
example, the register-transfer level service module 130 may be implemented using Chisel
(available at https://chisel.eecs.berkeley.edu/chisel-dac2012.pdf). For example, the register-
transfer level service module 130 may be implemented using FIRRTL (flexible intermediate
representation for register-transfer level) (available at https://aspire.eecs.berkeley.edu/wp/wp-
content/uploads/2017/11/Specification-for-the-FIRRTL-Language-Izraelevitz.pdf). For
example, the register-transfer level service module 130 may be implemented using
Diplomacy (available at https://carrv.github.i0/2017/papers/cook-diplomacy-carrv2017.pdf).
For example, the register-transfer level service module 130 may enable a well-designed chip
to be automatically developed from a high level set of configuration settings using a mix of
Diplomacy, Chisel, FIRRTL. The register-transfer level service module 130 may take the
design parameters data structure 122 (e.g., a JSON file) as input and output a register-transfer
level data structure (e.g., a Verilog file) for the chip and/or selected core IP per the design
parameters of the design parameters data structure (e.g., as specified using configuration
knobs of the web interface generated by the web application server 112). The register-transfer

level data structure may include updated configuration settings to drive future stages of the
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design pipeline. For example, the updated configuration settings may include a concrete
memory map of the core, an actual port, a clock design, floorplan information, and/or other
configuration information determined by the register-transfer level service module 130). For
example, the process 600 of FIG. 6 may be implemented to generate a register-transfer level
data structure 132 for the integrated circuit based on the design parameters data structure 122.
[0050] The integrated circuit design service infrastructure 110 includes a software
development kit service module 140 configured to generate a software development kit 142
for the integrated circuit based on the register-transfer level data structure 132. For example,
the software development kit service module 140 may access an existing toolchain or
software development kit for a template integrated circuit design that is identified by the
design parameters data structure 122. The existing toolchain or software development kit
(e.g., a RISC-V toolchain/SDK) may be set up using conventions suitable for configurability.
For example, the existing toolchain or software development kit may be organized into
submodules corresponding to design parameters of the design parameters data structure 122.
The software development kit service module 140 may enable generalizing the existing
toolchain or software development kit to respond to values of design parameters in the design
parameters data structure 122. The software development kit service module 140 may take
the register-transfer level data structure 132 as input and generate the software development
kit 142 based on the register-transfer level data structure 132 and/or the design parameters
data structure 122. For example, the software development kit 142 may include a compiler,
an assembler, header files, libraries, boot loaders, kernel drivers, and/or other tools for a fully
functional SDK/computing environment. For example, the software development kit service
module 140 may be implemented as a Python script running on the system 300 of FIG. 3. In
some implementations, the software development kit service module 140 is configured to
parse the register-transfer level data structure 132, generate options for the tools and builds,
generate header files responsive to a memory map, selects appropriate examples from the
existing toolchain or software development kit, generate relevant configuration files for target
simulators (e.g., QEMU (Quick Emulator)) so they can run your specific design on another
processor (e.g., x86), and generate loaders for Verilog simulators and physical FPGA boards
to be flashed. The resulting software development kit 142 may be built and tested in the cloud
(e.g., before giving to customer), which may provide high value where we know these things
work in this configuration. The resulting software development kit 142 may be registered
with the controller 120 for delivery to a user (e.g., via the web interface.

[0051] The integrated circuit design service infrastructure 110 includes a documentation
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service module 150 configured to generate documentation 152 for the integrated circuit based
on the register-transfer level data structure 132. For example, the documentation service
module 150 may utilize Prince (available at https://www.princexml.com/). For example, the
documentation service module 150 may utilize ASCII Doc (available at http://asciidoc.org/).
For example, the documentation service module 150 may access a pre-loaded modular
manual for a template integrated circuit design that is identified by the design parameters data
structure 122. The modular manual may be set up using conventions suitable for
configurability. For example, the modular manual may be organized into submodules
corresponding to design parameters of the design parameters data structure 122. In some
implementations, the modular manual is stored as multiple components in corresponding
directories of an existing SDK for the template. The documentation service module 150 may
enable generalizing the pre-loaded modular manual to respond to values of design parameters
in the design parameters data structure 122. For example, documentation 152 for a RISC-V
chip without a multiplier may omit documentation about a multiplication instruction, or
similarly, documentation 152 for a RISC-V chip with vector extensions may be generated to
include suitable documentation for the vector extensions. The documentation service module
150 may take the register-transfer level data structure 132 as input and generate the
documentation 152 (e.g., in an HTML and/or a PDF format) based on the register-transfer
level data structure 132 and/or the design parameters data structure 122. The documentation
service module 150 may correctly document the memory map/ports by working with the
post-RTL output. For example, the documentation service module 150 may utilize a
documentation framework similar to the React framework (e.g., a JS HTML framework). In
some implementations, documentation blocks have a respective piece of python code that
takes in an RTL output configuration file and breaks it down into the chunks that ASCII Doc
requires and invokes content generation. For example, the documentation service module 150
may implement the process 800 of FIG. 8. In some implementations, the documentation 152
is output in both the HTML format and in the PDF format. For example, the documentation
152 generated may be registered with the controller 120 to enable packaging for a user (e.g.,
for delivery in an archive or other data structure to the web client 102).

[0052] The integrated circuit design service infrastructure 110 includes a physical design
service module 160 configured to generate a physical design data structure 162 for the
integrated circuit based on the register-transfer level data structure 132. For example, the
physical design service module 160 may utilize proprietary or open source synthesis and

place & route tools (e.g., Synopsys, Cadence, and/or Mentor tools). For example, the physical
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design service module 160 may utilize Synopsys tools, including Design Compiler, IC
Compiler, PrimeTime, Formality, and/or StarExtract. For example, the physical design
service module 160 may implement logical equivalent checking. For example, the physical
design service module 160 may utilize static timing analysis tools. For example, the physical
design service module 160 may implement design rule checking (DRC) and/or layout versus
schematic (LVS) checking. For example, the physical design service module 160 may enable
quick iteration of a design and provide feedback (e.g., power, performance, and area
estimates) to a user in a more digestible format, which may add value. For example, the
physical design service module 160 may report back in less-technical terms whether there are
any issues, parallelize and balance the workloads, and highlight important components of the
output of the tools that are included in the physical design data structure 162. The physical
design service module 160 may take the register-transfer level data structure 132 (e.g.,
Verilog and/or floorplan guidance) as input and generate the physical design data structure
162 (e.g., including a GDSII file or an OASIS file) based on the register-transfer level data
structure 132 and/or the design parameters data structure 122. For example, the physical
design service module 160 may implement the process 700 of FIG. 7. In some
implementations, the physical design service module 160 may manage and orchestrate
physical design toolchains in a cloud. For example, the physical design service module 160
may manage license files, manage computing resources (e.g., CPU cycles, memory, and/or
disk usage) and balance user willingness to pay versus speed of results, handle database
movement from tool to tool, and manage access to third party IP cores (e.g., some
users/tenants using the integrated circuit design service infrastructure 110 may lack access
rights to some IP cores available for customization to other users/tenants). For example, a
user may input service and/or pricing preferences through the web interface generated by the
web application server 112. For example, the physical design service module 160 may use
templated designs, which may allow for significant design reuse and physical design service
module 160 may identify those combinations and reduce workload. For example, the physical
design service module 160 may provide better or more compact error/issue reporting, by
translating tool issues into manageable feedback and providing the actual error/output of tools
in a deliverable format to a user (e.g., a user of the web client 102). In some implementations,
the physical design service module 160 may find common pairings (e.g., DDR control and
PHY) that are commonly used across multiple designs. Physical design blocks for the
identified pairings may be reused across designs to improve efficiency. In some

implementations, the physical design service module 160 may be configured to learn from
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previous physical design attempts, and automatically adjusts certain parameters for the next
attempt. For example, while being invoked to produce a chip that meets a certain
performance benchmark while staying under a certain area/power consumption constraint that
has not yet been met (e.g., not fast enough or too big or power hungry), the physical design
service module 160 may propose suggested alternate parameters or just iterate in a direction
that seeks towards closer fit to requirements.

[0053] The integrated circuit design service infrastructure 110 includes a field
programmable gate array service module 170 configured to generate a field programmable
gate array emulation data structure 172 for the integrated circuit based on the register-transfer
level data structure 132 and the software development kit 142. For example, the field
programmable gate array service module 170 may be configured to utilize a cloud based field
programmable gate array (FPGA). For example, the field programmable gate array service
module 170 may be configured to utilize a cloud based FPGA synthesis tool. For example,
the field programmable gate array service module 170 may be configured to utilize emulation
platforms, such as, Palladium (from Cadence), Veloce (from Mentor Graphics), and/or Zebu
(from Synopsys). For example, the field programmable gate array service module 170 may
enable a user who lacks knowledge of how to build for these complex platforms to generate a
working file for FPGA testing (e.g., in the cloud). For example, the field programmable gate
array service module 170 may be configured to handle emulating devices hard drives and
network devices. For example, the field programmable gate array service module 170 may
provide login to a user (e.g., a user of the web client 102) to enable the user login to a chip
and run benchmarks easily. For example, the field programmable gate array service module
170 may take the register-transfer level data structure 132 and the software development kit
142 as input and generate the field programmable gate array emulation data structure 172
(e.g., an emulation file and supporting materials) based on the register-transfer level data
structure 132, the software development kit 142, and/or the design parameters data structure
122. Once the design is available in a register-transfer level format (e.g., as Verilog), the field
programmable gate array service module 170 may generate files to enable the design to be
run either in an FPGA or on an emulation platform. In some implementations, the field
programmable gate array service module 170 may provide the illusion of the whole system,
including peripherals, operating together (e.g., memory timing needs to be matched). For
example, the peripherals emulated may be the actual peripherals a user has selected in the
web interface generated by the web application server 112. For example, if the user has

selected a chip to have a 64-bit DDR interface, the FPGA service may build an FPGA model
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that gives the end-user the illusion that the emulated chip has a 64-bit interface. For example,
if the user has selected that the chip has a display controller, the FPGA service should provide
an emulation environment with a display controller. For example, the field programmable
gate array service module 170 may implement highly detailed use of existing tools based on
the parameterized integrated circuit design. For example, the field programmable gate array
service module 170 may be configured to use the FPGA/Emulator toolchain, be configured to
setup the emulated devices, be configured to compile the emulated devices, load the emulated
devices into requested cloud(s), and provides login and/or start the requested benchmarks and
returns results as part of the test results 190. For example, the field programmable gate array
service module 170 may register a final FPGA/emulator design and/or credentials (e.g., a
login and password) back to the controller 120. In some implementations, the controller 120
is configured to invoke a test using a field programmable gate array, programmed based on
the field programmable gate array emulation data structure 172, to obtain an emulation result,
wherein the field programmable gate array is operating on a cloud server. For example, the
controller may use the credentials to invoke the test on the field programmable gate array
operating on a cloud server.

[0054] The integrated circuit design service infrastructure 110 includes a verification
service module 180 configured to generate a test plan 182 for an integrated circuit based on
the design parameters data structure 122 and acceptance criteria. For example, the
verification service module 180 may be configured to utilize Verilog simulators (e.g., open
source Verilog simulators). For example, the verification service module 180 may be
configured to utilize FPGAs. For example, the verification service module 180 may be
configured to utilize software simulators, such as Quick Emulator (QEMU), Spike, and/or
other software simulators. In some implementations, multiple target test platforms look the
same so the verification service module 180 is able to easily move the workloads across
different cost options (e.g., using physical FPGAs vs. cheaper using pre-emptible cloud
instances). For example, the verification service module 180 may take the register-transfer
level data structure 132 (e.g., including Verilog RTL), the software development kit 142, a
physical design data structure (e.g., including a GDSII file), a corpus of tests, and
corresponding acceptance criteria as input and generates a test plan 182 and/or test results
190 for the integrated circuit design. For example, the inputs to the verification service
module 180 may be provided by the controller 120. In some implementations, a user-defined
controller or a more parameterized controller, are configured to respond to varying

acceptance criteria. Given acceptance criteria and a design configuration, a test plan may be
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generated automatically. For example, the verification service module 180 may be configured
to define environments, filter out tests it cannot run given a corpus of tests and a hardware
and software design generated based on the design parameters data structure 122, generate
the test plan 182 to include a sequence of selected tests for the integrated circuit design. For
example, an environment may define a test platform. There may be additional components in
the test bench, outside the device under test, and it may be beneficial to standardize these
environments across designs. For example, a way to end a test may be standardized within a
test platform. Some test platforms may define a register a CPU can write to that is defined
within the test bench, while some test platforms will wiggle a general purpose input/output
(GPIO) pin in a certain way. Given a test plan 182, many test platforms may be used for all
tests. In some implementations, the verification service module 180 may execute or otherwise
invoke the testing in accordance with the test plan 182 and gather results to be included in the
test results 190. For example, the test plan 182 and/or some or all of the test results 190 may
be reported back to the controller 120.

[0055] FIG. 2 is block diagram of an example of a system 200 for facilitating design and
manufacture of integrated circuits. The system 200 includes the web client 102, the scripting
API client 104, the network 106, the integrated circuit design service infrastructure 110, an
FPGA/emulator server 220, and a manufacturer server 230. For example, a user may utilize
the web client 102 or the scripting API client 104 to command the integrated circuit design
service infrastructure 110 to automatically generate an integrated circuit design based a set of
design parameter values selected by the user for one or more template integrated circuit
designs.

[0056] For example, the integrated circuit design service infrastructure 110 may invoke
(e.g., via network communications over the network 1006) testing of the resulting design that
is performed by the FPGA/emulation server 220 that is running one or more FPGAs or other
types of hardware or software emulators. For example, the integrated circuit design service
infrastructure 110 may invoke a test using a field programmable gate array, programmed
based on the field programmable gate array emulation data structure 172, to obtain an
emulation result. The field programmable gate array may be operating on the
FPGA/emulation server 220, which may be a cloud server. Test results may be returned by
the FPGA/emulation server 220 to the integrated circuit design service infrastructure 110 and
relayed in a useful format to the user (e.g., via the web client 102 or the scripting API client
104).

[0057] The integrated circuit design service infrastructure 110 may also facilitate the
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manufacture of integrated circuits using the integrated circuit design in a manufacturing
facility associated with the manufacturer server 230. In some implementations, a physical
design specification (e.g., a GDSII file) based on the physical design data structure 162 is
transmitted to the manufacturer server 230 to invoke manufacturing of the integrated circuit
(e.g., using manufacturing equipment of the associated manufacturer). For example, the
manufacturer server 230 may host a foundry tape out website that is configured to receive
physical design specifications (e.g., as a GDSII file or an OASIS file) to schedule or
otherwise facilitate fabrication of integrated circuits. In some implementations, the integrated
circuit design service infrastructure 110 supports multi-tenancy to allow multiple integrated
circuit designs (e.g., from one or more users) to share fixed costs of manufacturing (e.g.,
reticle/mask generation, and/or shuttles wafer tests). For example, the integrated circuit
design service infrastructure 110 may use a fixed package (e.g., a quasi-standardized
packaging) that is defined to reduce fixed costs and facilitate sharing of reticle/mask, wafer
test, and other fixed manufacturing costs. For example, the physical design specification may
include one or more physical designs from one or more respective physical design data
structures in order to facilitate multi-tenancy manufacturing. For example, the integrated
circuit design service infrastructure 110 may implement the process 900 of FIG. 9 to generate
a multi-tenant physical design specification.

[0058] In response to the transmission of the physical design specification, the
manufacturer associated with the manufacturer server may fabricate and test integrated
circuits based on the integrated circuit design. For example, the associated manufacturer (e.g.,
a foundry) may perform optical proximity correction (OPC) and similar post-tapeout/pre-
production processing, fabricate the integrated circuit(s), update the integrated circuit design
service infrastructure 110 (e.g., via communications with the controller 120 or the web
application server 112) periodically or asynchronously on the status of the manufacturing
process, performs appropriate testing (e.g., wafer testing) and send to packaging house for
packaging. A packaging house may receive the finished wafers or dice from the manufacturer
and test materials, and update the integrated circuit design service infrastructure 110 (e.g., via
communications with the controller 120 or the web application server 112) on the status of
the packaging and delivery process periodically or asynchronously. In some implementations,
status updates may be relayed to the user when the user checks in using the web interface
and/or the controller might email the user that updates are available.

[0059] In some implementations, the resulting integrated circuits (e.g., physical chips)

are delivered (e.g., via mail) to the user. In some implementations, the resulting integrated
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circuits (e.g., physical chips) are installed in a system controlled by a cloud server making
them quickly accessible to be run remotely using network communications to control the
operation of the integrated circuits. For example, a login to the cloud server controlling a
manufactured integrated circuit may be sent to the integrated circuit design service
infrastructure 110 and relayed to a user (e.g., via the web client 102). For example, the
process 1000 of FIG. 10 may be implemented by the manufacturer.

[0060] FIG. 3 is block diagram of an example of a system 300 for facilitating design of
integrated circuits. The system 300 is an example of an internal configuration of a computing
device that may be used to implement the integrated circuit design service infrastructure 110
as a whole or one or more components of the integrated circuit design service infrastructure
110 of the system 100 shown in FIG. 1. The system 300 can include components or units,
such as a processor 302, a bus 304, a memory 306, peripherals 314, a power source 316, a
network communication interface 318, a user interface 320, other suitable components, or a
combination thereof.

[0061] The processor 302 can be a central processing unit (CPU), such as a
microprocessor, and can include single or multiple processors having single or multiple
processing cores. Alternatively, the processor 302 can include another type of device, or
multiple devices, now existing or hereafter developed, capable of manipulating or processing
information. For example, the processor 302 can include multiple processors interconnected
in any manner, including hardwired or networked, including wirelessly networked. In some
implementations, the operations of the processor 302 can be distributed across multiple
physical devices or units that can be coupled directly or across a local area or other suitable
type of network. In some implementations, the processor 302 can include a cache, or cache
memory, for local storage of operating data or instructions.

[0062] The memory 306 can include volatile memory, non-volatile memory, or a
combination thereof. For example, the memory 306 can include volatile memory, such as one
or more DRAM modules such as DDR SDRAM, and non-volatile memory, such as a disk
drive, a solid state drive, flash memory, Phase-Change Memory (PCM), or any form of non-
volatile memory capable of persistent electronic information storage, such as in the absence
of an active power supply. The memory 306 can include another type of device, or multiple
devices, now existing or hereafter developed, capable of storing data or instructions for
processing by the processor 302. The processor 302 can access or manipulate data in the
memory 306 via the bus 304. Although shown as a single block in FIG. 3, the memory 306

can be implemented as multiple units. For example, a system 300 can include volatile
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memory, such as RAM, and persistent memory, such as a hard drive or other storage.

[0063] The memory 306 can include executable instructions 308, data, such as
application data 310, an operating system 312, or a combination thereof, for immediate
access by the processor 302. The executable instructions 308 can include, for example, one or
more application programs, which can be loaded or copied, in whole or in part, from non-
volatile memory to volatile memory to be executed by the processor 302. The executable
instructions 308 can be organized into programmable modules or algorithms, functional
programs, codes, code segments, or combinations thereof to perform various functions
described herein. For example, the executable instructions 308 can include instructions
executable by the processor 302 to cause the system 300 to automatically, in response to a
command, generate an integrated circuit design and associated test results based on a design
parameters data structure. The application data 310 can include, for example, user files,
database catalogs or dictionaries, configuration information or functional programs, such as a
web browser, a web server, a database server, or a combination thereof. The operating system
312 can be, for example, Microsoft Windows®, Mac OS X®, or Linux®; an operating
system for a small device, such as a smartphone or tablet device; or an operating system for a
large device, such as a mainframe computer. The memory 306 can comprise one or more
devices and can utilize one or more types of storage, such as solid state or magnetic storage.
[0064] The peripherals 314 can be coupled to the processor 302 via the bus 304. The
peripherals 314 can be sensors or detectors, or devices containing any number of sensors or
detectors, which can monitor the system 300 itself or the environment around the system 300.
For example, a system 300 can contain a geospatial location identification unit, such as a
global positioning system (GPS) location unit. As another example, a system 300 can contain
a temperature sensor for measuring temperatures of components of the system 300, such as
the processor 302. Other sensors or detectors can be used with the system 300, as can be
contemplated. In some implementations, the power source 316 can be a battery, and the
system 300 can operate independently of an external power distribution system. Any of the
components of the system 300, such as the peripherals 314 or the power source 316, can
communicate with the processor 302 via the bus 304.

[0065] The network communication interface 318 can also be coupled to the processor
302 via the bus 304. In some implementations, the network communication interface 318 can
comprise one or more transceivers. The network communication interface 318 can, for
example, provide a connection or link to a network, such as the network 106, via a network

interface, which can be a wired network interface, such as Ethernet, or a wireless network
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interface. For example, the system 300 can communicate with other devices via the network
communication interface 318 and the network interface using one or more network protocols,
such as Ethernet, TCP, IP, power line communication (PLC), WiF1i, infrared, GPRS, GSM,
CDMA, or other suitable protocols.

[0066] A user interface 320 can include a display; a positional input device, such as a
mouse, touchpad, touchscreen, or the like; a keyboard; or other suitable human or machine
interface devices. The user interface 320 can be coupled to the processor 302 via the bus 304.
Other interface devices that permit a user to program or otherwise use the system 300 can be
provided in addition to or as an alternative to a display. In some implementations, the user
interface 320 can include a display, which can be a liquid crystal display (LCD), a cathode-
ray tube (CRT), a light emitting diode (LED) display (e.g., an OLED display), or other
suitable display.

[0067] In some implementations, a client or server can omit the peripherals 314. The
operations of the processor 302 can be distributed across multiple clients or servers, which
can be coupled directly or across a local area or other suitable type of network. The memory
306 can be distributed across multiple clients or servers, such as network-based memory or
memory in multiple clients or servers performing the operations of clients or servers.
Although depicted here as a single bus, the bus 304 can be composed of multiple buses,
which can be connected to one another through various bridges, controllers, or adapters.
[0068] FIG. 4 is flow chart of an example of a process 400 for facilitating design of
integrated circuits. The process 400 includes accessing 410 a design parameters data
structure; generating 420 a register-transfer level data structure for an integrated circuit based
on the design parameters data structure; generating 430 a software development kit for the
integrated circuit based on the register-transfer level data structure; generating 440 a physical
design data structure for the integrated circuit based on the register-transfer level data
structure; generating 450 documentation for the integrated circuit based on the register-
transfer level data structure; generating 460 a field programmable gate array emulation data
structure for the integrated circuit based on the register-transfer level data structure and the
software development kit; generating 470 a test plan for an integrated circuit based on the
design parameters data structure and acceptance criteria; invoking 480 tests for the integrated
circuit based on the test plan, the register-transfer level data structure, the software
development kit, and the physical design data structure to obtain a set of test results; and
transmitting, storing, or displaying 490 a design data structure based on the register-transfer

level data structure, the software development kit, the physical design data structure, and the
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test results. The process 400 may automatically generate and test an integrated circuit design
conforming to design parameter values in a design parameters data structure in response to a
single command (e.g., a build command). For example, the process 400 may be implemented
by the integrated circuit design service infrastructure 110. For example, the process 400 may
be implemented by the system 100 of FIG. 1. For example, the process 400 may be
implemented by the system 300 of FIG. 3.

[0069] The process 400 includes accessing 410 a design parameters data structure (e.g., a
file, a database, a repository, or a bitstream). The design parameters data structure includes
values of design parameters of an integrated circuit design. For example, the integrated
circuit design may be of an IP core. For example, the integrated circuit design may be of a
system-on-a-chip. For example, the design parameters data structure may include a JSON
file. For example the design parameters of the design parameters data structure may include
whether privilege modes are supported, whether multiply extension is supported, whether
floating point extension is supported, whether error-correcting codes are supported in on-chip
memory, the size of an instruction cache, an associativity of the instruction cache, a size of a
data subsystem in on-chip memory, whether a port (e.g., a front port, a system port, a
peripheral port, or a memory port) are included, a count of memory port channels, a port
communication protocol selection, a bus width, a count of physical memory protection units,
whether JTAG debugging is supported, a count of hardware breakpoints, whether instruction
tracing is supported, whether debug direct memory access is supported, a count of local
interrupts, whether a platform level interrupt controller is supported, a count of interrupt
priority levels, a count of global interrupts, whether branch prediction is supported, a count of
branch target buffer entries, a count of branch history table entries, and/or a selection of a
manufacturing process. For example, the design parameters data structure may be accessed
410 by receiving the design parameters data structure (e.g., via network communications with
the web client 102 or the scripting API client 104 using the network communications
interface 318). For example, the design parameters data structure may be accessed 410 by
reading the design parameters data structure (e.g., reading from the memory 306 via the bus
304).

[0070] The process 400 includes, responsive to a command identifying the design
parameters data structure, generating 420 a register-transfer level data structure for an
integrated circuit based on the design parameters data structure. For example, command may
be a build command issued by a user through an icon of a web interface of the web

application server 112 using the web client 102. For example, command may be a build
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command issued by a script running on the scripting API client 104 via the scripting API
server 114. The command may identify the design parameters data structure either explicitly
or implicitly. For example, the command may identify the design parameters data structure by
being sent with a copy of the design parameters data structure. For example, the command
may identify the design parameters data structure by including a pointer or other reference to
the design parameters data structure, which has been previously stored. For example, design
parameters data structure may include a JSON file listing identifiers of design parameters and
corresponding values. In some implementations, the design parameters data structure also
includes an indication (e.g., a pointer, a name, or another identifier) that identifies a template
integrated circuit design that the design parameters modify. For example, the template
integrated circuit design may include modular design data structures that adhere to
conventions for facilitating modular design. For example, generating 420 the register-transfer
level data structure for the integrated circuit based on the design parameters data structure
may include invoking a register-transfer level service (e.g., the register-transfer level service
module 130) with data based on the design parameters data structure. For example, the
process 600 of FIG. 6 may be implemented to generate 420 a register-transfer level data
structure for an integrated circuit based on the design parameters data structure.

[0071] For example, the register-transfer level data structure may include one or more
Verilog files. The register-transfer level data structure may include updated configuration
settings to drive later stages of an integrated circuit design pipeline. In some
implementations, the register-transfer level data structure includes a memory map, one or
more port assignments, and floorplan information.

[0072] The register-transfer level data structure (e.g., a register-transfer level file) may be
automatically generated 420 based on the design parameters data structure using tools, such
as Scala, Chisel, Diplomacy, and/or FIRRTL. For example, generating 420 the register-
transfer level data structure for the integrated circuit may include executing Scala code to
read the design parameters data structure and dynamically generate a circuit graph. In some
implementations, generating 420 the register-transfer level data structure for the integrated
circuit includes invoking a Diplomacy package in Chisel to determine a bus protocol for the
integrated circuit.

[0073] The process 400 includes, responsive to the command identifying the design
parameters data structure, generating 430 a software development kit for the integrated circuit
based on the register-transfer level data structure. In some implementations, generating 430

the software development kit for the integrated circuit includes generating loaders for a
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Verilog simulator and a physical field programmable gate array to be flashed. For example,
generating 430 the software development kit may include accessing an existing toolchain or
software development kit for a template integrated circuit design that is identified by the
design parameters data structure. The existing toolchain or software development kit (e.g., a
RISC-V toolchain/SDK) may be set up using conventions suitable for configurability. For
example, the existing toolchain or software development kit may be organized into
submodules corresponding to design parameters of the design parameters data structure. For
example, the software development kit may include a compiler, an assembler, header files,
libraries, boot loaders, kernel drivers, and/or other tools for a fully functional
SDK/computing environment. For example, generating 430 the software development kit
may include executing a Python script. In some implementations, generating 430 the software
development kit includes parsing the register-transfer level data structure (e.g., a JSON file),
generating options for the tools and builds, generating header files responsive to a memory
map, selecting appropriate examples from the existing toolchain or software development kit,
generating relevant configuration files for target simulators (e.g., QEMU (Quick Emulator))
so they can run the new design on another processor (e.g., x86), and generating loaders for
Verilog simulators and physical FPGA boards to be flashed. The resulting software
development kit may be built and tested in the cloud (e.g., before giving to customer). For
example, generating 430 the software development kit may include invoking a software
development kit service (e.g., the software development kit service module 140) with data
based on register-transfer level data structure and/or the design parameters data structure.
[0074] The process 400 includes, responsive to the command identifying the design
parameters data structure, generating 440 a physical design data structure (e.g., a physical
design file) for the integrated circuit based on the register-transfer level data structure. For
example, generating 440 a physical design data structure for the integrated circuit may
include implementing the process 700 of FIG. 7. For example, generating 440 a physical
design data structure for the integrated circuit may include invoking a physical design service
(e.g., the physical design service module 160) with data based on register-transfer level data
structure and/or the design parameters data structure. For example, generating 440 a physical
design data structure for the integrated circuit may include invoking synthesis and place &
route tools (e.g., Synopsys, Cadence, and/or Mentor tools). For example, generating 440 a
physical design data structure for the integrated circuit may include performing logical
equivalent checking. For example, generating 440 a physical design data structure for the

integrated circuit may include invoking static timing analysis tools. For example, generating
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440 a physical design data structure for the integrated circuit may include performing design
rule checking (DRC) and/or layout versus schematic (LVS) checking. For example,
generating 440 a physical design data structure for the integrated circuit may include
determining power, performance, and area estimates for the resulting integrated circuit design
and providing these estimates as feedback to a user (e.g., a user of the web client 102). For
example, the physical design data structure may include in less-technical terms whether there
are any issues with the physical design. For example, the physical design data structure may
highlight important components of the output of the synthesis and place & route tools. For
example, the physical design data structure may include a GDSII file or an OASIS file. For
example, generating 440 a physical design data structure for the integrated circuit may
include managing and orchestrating physical design toolchains in a cloud. For example,
generating 440 a physical design data structure for the integrated circuit may include
handling database movement from tool to tool, and managing access to third party IP cores.
For example, generating 440 a physical design data structure for the integrated circuit may
include accessing template designs, which may allow for significant design reuse. For
example, generating 440 a physical design data structure for the integrated circuit may
include identifying those combinations to reduce workload. For example, generating 440 a
physical design data structure for the integrated circuit may provide better or more compact
error/issue reporting, by translating tool issues into manageable feedback and providing the
actual error/output of tools in a deliverable format to a user (e.g., a user of the web client
102). For example, generating 440 a physical design data structure for the integrated circuit
may include using physical design blocks for identified pairings of functional blocks that may
be reused across designs to improve efficiency.

[0075] The process 400 includes, responsive to the command identifying the design
parameters data structure, generating 450 documentation for the integrated circuit based on
the register-transfer level data structure. For example, generating 450 documentation for the
integrated circuit may include using Prince (available at https://www.princexml.com/). For
example, generating 450 documentation for the integrated circuit may include using ASCII
Doc (available at http://asciidoc.org/). For example, generating 450 documentation for the
integrated circuit may include accessing a pre-loaded modular manual for a template
integrated circuit design that is identified by the design parameters data structure. The
modular manual may be set up using conventions suitable for configurability. For example,
the modular manual may be organized into submodules corresponding to design parameters

of the design parameters data structure. In some implementations, the modular manual is
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stored as multiple components in corresponding directories of an existing SDK for the
template. Generating 450 documentation for the integrated circuit may include generalizing
the pre-loaded modular manual to respond to values of design parameters in the design
parameters data structure. For example, the generated 450 documentation may be in an
HTML format and/or in a PDF format. In order to correctly document the memory map/ports,
generating 450 documentation for the integrated circuit may include working with the post-
RTL output. For example, generating 450 documentation for the integrated circuit may
include utilizing a documentation framework similar to the React framework (e.g., a JS
HTML framework). In some implementations, documentation blocks have a respective piece
of python code that takes in an RTL output configuration file and breaks it down into the
chunks that ASCII Doc requires and invokes content generation. For example, generating 450
documentation for the integrated circuit may include implementing the process 800 of FIG. 8.
For example, generating 450 documentation for the integrated circuit may include invoking a
documentation service (e.g., the documentation service module 150) with data based on
register-transfer level data structure and/or the design parameters data structure.

[0076] The process 400 includes, responsive to the command identifying the design
parameters data structure, generating 460 a field programmable gate array emulation data
structure (e.g., a field programmable gate array emulation file) for the integrated circuit based
on the register-transfer level data structure and the software development kit. For example,
the field programmable gate array emulation data structure for the integrated circuit may be
configured to utilize a cloud based field programmable gate array (FPGA). For example,
generating 460 a field programmable gate array emulation data structure for the integrated
circuit may include invoking a cloud based FPGA synthesis tool. For example, generating
460 a field programmable gate array emulation data structure for the integrated circuit may
include invoking emulation platforms, such as, Palladium (from Cadence), Veloce (from
Mentor Graphics), and/or Zebu (from Synopsys). For example, the field programmable gate
array emulation data structure for the integrated circuit may be configured to handle
emulating devices hard drives and network devices. For example, the field programmable
gate array emulation data structure may include an emulation file and supporting materials. In
some implementations, the field programmable gate array emulation data structure for the
integrated circuit may provide for emulation of a whole system, including peripherals,
operating together (e.g., memory timing needs to be matched). For example, the peripherals
emulated may be the actual peripherals a user has selected in the web interface generated by

the web application server 112. For example, generating 460 a field programmable gate array
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emulation data structure for the integrated circuit may include highly detailed use of existing
tools based on the parameterized integrated circuit design. For example, generating 460 a
field programmable gate array emulation data structure for the integrated circuit may include
invoking the FPGA/Emulator toolchain, setting up the emulated devices, and compiling the
emulated devices. For example, generating 460 a field programmable gate array emulation
data structure for the integrated circuit may include invoking a FPGA/emulation service (e.g.,
the field programmable gate array design service module 170) with data based on register-
transfer level data structure and/or the design parameters data structure.

[0077] The process 400 includes, responsive to the command identifying the design
parameters data structure, generating 470 a test plan for an integrated circuit based on the
design parameters data structure and acceptance criteria. In some implementations, the
acceptance criteria are received with the design parameters data structure (e.g., received from
the web client 102 or received from the scripting API client 104). In some implementations,
the acceptance criteria are read from memory (e.g., the memory 306). For example,
generating 470 a test plan for an integrated circuit may include invoking Verilog simulators
(e.g., open source Verilog simulators). For example, the test plan for an integrated circuit may
include utilizing FPGAs. For example, the test plan for an integrated circuit may include
utilizing software simulators, such as Quick Emulator (QEMU), Spike, and/or other software
simulators. In some implementations, multiple target test platforms look the same so the test
plan for an integrated circuit may include moving the workloads across different cost options
(e.g., using physical FPGAs vs. cheaper using pre-emptible cloud instances). For example, a
test plan for an integrated circuit may be generated 470 based on the register-transfer level
data structure (e.g., including Verilog RTL), the software development kit, the physical design
data structure (e.g., including a GDSII file), a corpus of tests, and corresponding acceptance
criteria. In some implementations, generating 470 a test plan for an integrated circuit may
include responding to varying acceptance criteria that are user-defined. Given acceptance
criteria and a design configuration, a test plan may be generated 470 automatically. For
example, generating 470 a test plan for an integrated circuit may include defining
environments, filtering out tests that cannot be run given a corpus of tests and a hardware and
software design generated based on the design parameters data structure, and generating the
test plan to include a sequence of selected tests for the integrated circuit design. For example,
an environment may define a test platform. There may be additional components in a test
bench, outside the device under test, and it may be beneficial to standardize these

environments across designs. For example, a way to end a test may be standardized within a
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test platform. Some test platforms may define a register a CPU can write to that is defined
within the test bench, while some test platforms will wiggle a general purpose input/output
(GPIO) pin in a certain way. Given a test plan, many test platforms may be used for all tests.
[0078] The process 400 includes, responsive to the command identifying the design
parameters data structure, invoking 480 tests for the integrated circuit based on the test plan,
the register-transfer level data structure, the software development kit, and the physical
design data structure to obtain a set of test results. For example, the invoked 480 verification
tests may be executed directly by a controller (e.g., the controller 120), by a verification
service (e.g., the verification service module 180), and/or by an external service (e.g., a cloud
based FPGA or emulation service that is accessed via communications over a network). In
some implementations, invoking 480 tests for the integrated circuit may include invoking a
test using a field programmable gate array, programmed based on the field programmable
gate array emulation data structure, to obtain an emulation result. The field programmable
gate array may be operating on a cloud server. For example, invoking 480 tests for the
integrated circuit may include using credentials (e.g., a login and/or password) to invoke the
test on the field programmable gate array operating on a cloud server. For example, the test
results may include summary information for a large number of tests, such as a binary
indication of whether all acceptance criteria were met by the generated integrated circuit
design, or a list of binary indications of whether individual verification tests were passed for
respective verification tests included in the test plan.

[0079] The process 400 includes transmitting, storing, or displaying 490 a design data
structure based on the register-transfer level data structure, the software development kit, the
physical design data structure, and the test results. For example, the design data structure may
be a collection of files, an archive, or a repository (e.g., a GitHub repository) that includes
data from the register-transfer level data structure, the software development kit, the physical
design data structure, and the test results. For example, the design data structure may also
include the documentation generated 450 and/or the field programmable gate array emulation
data structure generated 460. For example, the design data structure may be transmitted 490
to an external device (e.g., a personal computing device) for display or storage. For example,
the design data structure may be stored 490 in memory (e.g., the memory 306). For example,
design data structure may be displayed 490 in a user interface (e.g., the user interface 320).
For example, the design data structure may be transmitted 490 via a network communications
interface (e.g., the network communications interface 318).

[0080] Although the process 400 is shown as a series of operations for clarity,
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implementations of the process 400 or any other technique, process, or algorithm described in
connection with the implementations disclosed herein can be performed in various orders or
concurrently. Additionally, operations in accordance with this disclosure can be performed
with other operations not presented and described herein. For example, the process 500 of
FIG. 5 may be used to iterate the process 400 with varying design parameters to search a
design space. Furthermore, one or more aspects of the systems and techniques described
herein can be omitted. For example, operation 450 may be omitted from the process 400.
[0081] FIG. 5 is flow chart of an example of an iterative process 500 for facilitating
design of integrated circuits. The process 500 includes accessing 510 a design parameters
data structure (e.g., as described in relation to operation 410 of FIG. 4); determining 520
(e.g., using the process 400 of FIG. 4) a design data structure with corresponding test results
for an integrated circuit based on the design parameters data structure; if (at operation 525)
the test results failed (e.g., the test results did not meet a set of acceptance criteria) and/or an
iteration count is not exceeded, then updating 530 the design parameters data structure based
on the test results and proceed to a next iteration; and if (at operation 525) the test results
passed (e.g., the test results met a set of acceptance criteria) and/or an iteration count is
exceeded, then returning 540 the one or more design data structures that were determined
520. In some implementations, all design data structures determined 520 with their
corresponding test results are returned 540 when the process 500 terminates. In some
implementations, only a last design data structure determined 520 with its corresponding test
results is returned 540 when the process 500 terminates with a passing test result. In some
implementations, the acceptance criteria used to determine whether an integrated circuit
design has passed may include constraints on power, performance, and/or area for a physical
design. For example, while being invoked to produce a chip that meets a certain performance
benchmark while staying under a certain area/power consumption constraint that has not yet
been met (e.g., not fast enough or too big or power hungry), design parameter values may be
updated 530 in a direction that seeks towards closer fit to requirements. For example, the
process 500 may be implemented using the scripting API of the controller 120. For example,
the process 500 may be implemented by the integrated circuit design service infrastructure
110. For example, the process 500 may be implemented by the system 100 of FIG. 1. For
example, the process 500 may be implemented by the system 300 of FIG. 3.

[0082] FIG. 6 is flow chart of an example of a process 600 for generating a register-
transfer level data structure for an integrated circuit based on a design parameters data

structure. For example, the design parameters data structure may include a JSON file. For
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example, the design parameters data structure may include design parameter values
determined by a user using configuration knobs in a web interface (e.g., design knobs of the
configuration pane 1220 of FIG. 12) and/or values associated with a template integrated
circuit design. The process 600 includes parsing 610 the JSON file to determine the values of
the design parameters of the integrated circuit design; converting 620 the design parameter
values into input parameter values for an register-transfer level generator; and invoking 630
the register-transfer level generator with the input parameters to obtain register-transfer level
data included in the register-transfer level data structure. For example, the register-transfer
level generator may include tools, such as Scala, Chisel, Diplomacy, and/or FIRRTL. For
example, the process 600 may be implemented by the integrated circuit design service
infrastructure 110. For example, the process 600 may be implemented by the system 100 of
FIG. 1. For example, the process 600 may be implemented by the system 300 of FIG. 3.
[0083] The process 600 includes invoking 630 the register-transfer level generator with
the input parameters to obtain register-transfer level data included in the register-transfer
level data structure. For example, the register-transfer level generator may be a Scala program
encoded in Chisel. For example, invoking 630 the register-transfer level generator may
include executing Scala code to dynamically generate a circuit graph. For example, invoking
630 the register-transfer level generator may include using Chisel to generate FIRRTL based
on the circuit graph. FIRRTL is an intermediate representation for the integrated circuit. For
example, invoking 630 the register-transfer level generator may include invoking a FIRRTL
compiler to optimize the design. For example, invoking 630 the register-transfer level
generator may include invoking a FIRRTL Verilog backend invoked to output Verilog. For
example, the register-transfer level data structure may include one or more Verilog files. In
some implementations, the register-transfer level data structure includes a memory map, one
or more port assignments, clock, floorplan information, and/or other design configuration
data. For example, a clock may be specified in the register-transfer level data structure as
both a netlist for the clock circuit (e.g., the RTL generator may instantiate the clocking
circuits, such as PLLs and clock dividers) and a description of the clocking circuit so that it
can be used within the downstream services or tools. For example, input to the RTL generator
could be specified at a high level such as “add a 64-bit DDR controller”. The RTL generator
may access and utilize default design parameters such as “this DDR controller is a Cadence
controller with 8-bit ECC, 32-entry re-order buffer.”

[0084] FIG. 7 is flow chart of an example of a process 700 for generating a physical

design data structure for an integrated circuit based on a register-transfer level data structure.
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The process 700 includes invoking 710 source synthesis and place and route tools; invoking
720 logical equivalent checking; invoking 730 a static timing analysis tool; invoking 740
design rule checks; and invoking 750 layout versus schematic checks. For example, example
the tool chains invoked may include Synopsys tools, such as Design Compiler, IC Compiler,
PrimeTime, Formality, and/or StarExtract. In some implementations, invoking 710 source
synthesis and place and route tools includes managing and orchestrating physical design
toolchains in a cloud. In some implementations, invoking 710 source synthesis and place and
route tools includes executing physical design tool chains that are installed locally on a same
computing device. For example, the process 700 may be implemented by the integrated
circuit design service infrastructure 110. For example, the process 700 may be implemented
by the system 100 of FIG. 1. For example, the process 700 may be implemented by the
system 300 of FIG. 3.

[0085] FIG. 8 is flow chart of an example of a process 800 for generating documentation
for an integrated circuit based on a register-transfer level data structure. The process 800
includes parsing 810 (e.g., using Python code) the register-transfer level data structure for the
integrated circuit to identify applicable portions of a documentation framework; generating
820 snippets of documentation based on the applicable portions identified; assembling 830
the snippets into a dictionary; instantiating 840 a document from a template (e.g., a ASCII
Doc template); and merging 850 references to the dictionary with the document. For
example, the documentation framework may be similar to the React framework. In some
implementations, chapters or sections may be added dynamically to the document. For
example, chapter and section headings with numbering may be generated dynamically. For
example, IP core documentation (e.g., 3" party IP core documentation) may be being pulled
in to documentation for a system-on-a-chip design that includes the IP core. For example, the
process 800 may be implemented by the integrated circuit design service infrastructure 110.
For example, the process 800 may be implemented by the system 100 of FIG. 1. For example,
the process 800 may be implemented by the system 300 of FIG. 3.

[0086] FIG. 9 is flow chart of an example of a process 900 for generating a multi-tenant
physical design specification to facilitate manufacturing of integrated circuits. For example,
the physical design specification may include designs for multiple independent integrated
circuits. The process 900 may include allocating 910 mask area to the multiple independent
integrated circuits based on a production plan; performing 920 design rule checks on the
physical design specification; and transmitting 930 the physical design specification to a

server to invoke manufacturing. For example, the process 900 may be implemented by the
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integrated circuit design service infrastructure 110. For example, the process 900 may be
implemented by the system 100 of FIG. 1. For example, the process 900 may be implemented
by the system 300 of FIG. 3.

[0087] The process 900 includes allocating 910 mask area to the multiple independent
integrated circuits based on a production plan. For example, the multiple independent
integrated circuits may be gathered as finished physical design data structures (e.g., GDSII
files or OASIS files). In some implementations, the multiple independent integrated circuits
are gathered from multiple users in a multi-tenant environment. A reticle plan may be built
given a specification of how many chips are requested for each of the multiple integrated
circuits. For example, if there are User A - Chip 1, User B - Chip 2, and User B - Chip 3. And
you want 50% Chip 1 and 25% 2 and 25% 3, the mask area may be allocated 910
accordingly.

[0088] The process 900 includes performing 920 design rule checks on the physical
design specification. The physical design specification for the mask, which includes copies of
the multiple independent integrated circuits, may be checked for design rule violations (e.g.,
to check for spacing violations between copies of the multiple independent integrated
circuits). Performing 920 this top level DRC checking may serve as a final check of the deck
that will be sent to the foundry for fabrication.

[0089] The process 900 includes transmitting 930 the physical design specification (e.g.,
a GDSII file or an OASIS file) to a server to invoke manufacturing. Transmitting 930 the
physical design specification may constitute submission of a tape out form to a foundry (e.g.,
via a web service/API) to the fab and API. For example, the physical design specification
may be transmitted 930 to a server associated with a foundry (e.g., the manufacturer server
230). The foundry may then manufacture the multiple independent integrated circuits using
the physical design specification in response to receiving the physical design specification.
For example, the physical design specification may be transmitted 930 via a network
communications interface (e.g., the network communications interface 318).

[0090] FIG. 10 is flow chart of an example of a process 1000 for facilitating
manufacturing and testing of integrated circuits. In some implementations, manufacturing
facilities may be included in an integrated circuit design service infrastructure and used to
manufacture integrated circuits (e.g., chips) at the request of a user. For example, although
not shown in FIG. 1, the integrated circuit design service infrastructure 110 may include a
chip manufacturing service (e.g., an automated fabrication facility). The process 1000

includes manufacturing 1010 the integrated circuit; installing 1020 the integrated circuit in a
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system configured to operate the integrated circuit responsive to commands received via
communications with a cloud server; and transmitting 1030 a login for accessing and
controlling the integrated circuit. For example, the login may be transmitted 1030 via a
network communications interface (e.g., the network communications interface 318) from the
controller 120 to a user that requested the manufacture if the integrated circuit (e.g.,
transmitted 1030 via the web application server 112 to the web client 102). Using the process
1000 may enable a user quickly and conveniently run or test instances of their new integrated
circuit from a remote location.

[0091] FIG. 11 is a diagram of an example display region 1110 generated for presenting a
web interface to facilitate selection of a template design of an integrated circuit. The display
region 1010 may display a list of design templates (e.g., for an IP core) that may be selected
for inclusion and/or customization in an integrated circuit design. For each available design
template, a design specification listing (1120, 1122, and 1124) is displayed, showing some
key features and/or design parameters of the respective design template. Each design
specification listing (1120, 1122, and 1124) has a template name (1130, 1132, and 1134) at
the top that identifies the design template. Each design specification listing (1120, 1122, and
1124) has a customize design icon (1140, 1142, and 1144) that enables a user to select the
respective template design for customization and design development.

[0092] FIG. 12 is a diagram of an example display region 1210 generated for presenting a
web interface to facilitate customized design of an integrated circuit. The display region 1210
includes a configuration pane 1220 that includes design knobs that can used to select values
of design parameters for an integrated circuit design, and has a configuration pane header
1222 that shows the name of a currently displayed category of design knobs. The display
region 1210 includes a configuration tabs menu 1230 that includes icons that allow a user to
select a category of design knobs to be displayed in the configuration pane 1220 and
available for adjustment by the user. For example, the categories of design knobs may include
modes & ISA, on-chip memory, ports, security, debug, interrupts, and branch prediction. The
design knobs may provide a way of displaying the design parameter values in a design
parameter data structure visually and summarizing. The design knobs may facilitate easy
changes to design parameter values. In some implementations, the design knobs may be
updated in real-time to reflect dependencies between different design parameters by disabling
or constraining the values of one design parameter based on another.

[0093] The display region 1210 includes a design block diagram 1240 that displays

summary current values design parameter values that may be selected using the design knobs

41-



WO 2020/028628 PCT/US2019/044610

of the configuration pane 1220. The design block diagram 1240 includes a design name 1242
that 1dentifies the current integrated circuit design. For example, the design block diagram
1240 may use color coding to reflect the presence or absence of certain features and text
reflecting the values of other design parameter for an integrated circuit design. For example,
the design block diagram 1240 may be an auto-updating block diagram that is updated in
real-time to reflect changes in the design parameter values as they are made using the design
knobs. In some implementations, a design parameters data structure is generated based on
input received via a web application that displays an auto-updating block diagram 1240 of a
template design reflecting changes to values of the design parameters of the integrated circuit.
In some implementations, the design block diagram 1240 may display estimates of power,
performance and area for an integrated circuit design based on the currently selected design
parameter values. For example, the PPA (power performance area) estimates may be updated
instantly in real-time in response to changes made to the design parameter values using the
design knobs. This feature may provide direct feedback on how chip will perform as design
changes are made.

[0094] The display region 1210 includes a build icon 1250 that may be used to issue a
command to build and test and integrated circuit design based on the design parameter values
selected with the design knobs and/or reflected in the design block diagram. For example, the
current design parameter values when the build command is issued may be encoded in design
parameters data structure (e.g., a JSON file) that is accessed by the controller 120 to start the
[0095] The display region 1210 includes a status bar 1260 that indicates a current status
of the design (e.g., design, review, or building). For example, the display region 1010 may be
generated (e.g., by the web application server 112) using Python and/or Django front ended
tools.

[0096] FIG. 13 is a diagram of an example display region 1310 generated for
presenting a web interface to facilitate access to a customized design of an integrated circuit.
For example, the display region 1310 may display after a build operation is completed by the
system, resulting in a design data structure that includes a set of files encoding the generated
integrated circuit design and associated test results. The display region 1310 includes an asset
listing 1320 with download links. The links of the asset listing 1320 enable the download
(e.g., at the web client 102) of files of the design data structure, such as an RTL source file, a
test beach file, a software development kit, an FPGA bitstream, and documentation for the
resulting integrated circuit design. The asset listing 1320 also includes a download all assets

link 1322 that enables the download of an archive or repository including all the files of the
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design data structure.

[0097] The display region 1310 includes a design block diagram 1330 (e.g., the same
as or similar to the design block diagram 1240 of FIG. 12) that displays easy to read
indications of the design parameter values used for the integrated circuit design. The design
block diagram 1330 includes a design name 1332 displaying an identifier for the integrated
circuit design.

[0098] The display region 1310 includes a build status bar 1340 that reflects a date
and time when the build of the integrated circuit design was completed. Before the build is
completed, the build status bar 1340 may reflect a current status of the ongoing build process
running in the integrated circuit design service infrastructure 110.

[0099] While the disclosure has been described in connection with certain
embodiments, it is to be understood that the disclosure is not to be limited to the disclosed
embodiments but, on the contrary, is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims, which scope is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent

structures.
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What is claimed is:

1. A method comprising;

accessing a design parameters data structure, wherein the design parameters data
structure includes values of design parameters of an integrated circuit design;

responsive to a command identifying the design parameters data structure, generating
a register-transfer level data structure for an integrated circuit based on the design parameters
data structure;

responsive to the command identifying the design parameters data structure,
generating a software development kit for the integrated circuit based on the register-transfer
level data structure;

responsive to the command identifying the design parameters data structure,
generating a physical design data structure for the integrated circuit based on the register-
transfer level data structure;

responsive to the command identifying the design parameters data structure,
generating a test plan for an integrated circuit based on the design parameters data structure
and acceptance criteria,

responsive to the command identifying the design parameters data structure, invoking
tests for the integrated circuit based on the test plan, the register-transfer level data structure,
the software development kit, and the physical design data structure to obtain a set of test
results; and

transmitting, storing, or displaying a design data structure based on the register-
transfer level data structure, the software development kit, the physical design data structure,

and the test results.

2. The method of claim 1, comprising:
responsive to the command identifying the design parameters data structure,
generating documentation for the integrated circuit based on the register-transfer level data

structure.

3. The method of claim 2, wherein generating documentation for the integrated circuit
comprises:
parsing the register-transfer level data structure for the integrated circuit to identify

applicable portions of a documentation framework;
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generating snippets of documentation based on the applicable portions identified,
assembling the snippets into a dictionary;
instantiating a document from a template; and

merging references to the dictionary with the document.

4. The method of any of claims 1 to 3, comprising:
responsive to the command identifying the design parameters data structure,
generating a field programmable gate array emulation data structure for the integrated circuit

based on the register-transfer level data structure and the software development kit.

5. The method of claim 4, comprising:
invoking a test using a field programmable gate array, programmed based on the field
programmable gate array emulation data structure, to obtain an emulation result, wherein the

field programmable gate array is operating on a cloud server.

6. The method of any of claims 1 to 5, comprising:
transmitting a physical design specification based on the physical design data

structure to a server to invoke manufacturing of the integrated circuit.

7. The method of claim 6, wherein the physical design specification includes designs for
multiple independent integrated circuits, including the integrated circuit, and comprising;

allocating mask area to the multiple independent integrated circuits based on a
production plan; and

performing design rule checks on the physical design specification.

8. The method of any of claims 6 to 7, comprising:

manufacturing the integrated circuit;

installing the integrated circuit in a system configured to operate the integrated circuit
responsive to commands received via communications with a cloud server; and

transmitting a login for accessing and controlling the integrated circuit.

9. The method of any of claims 1 to 8, wherein the design parameters data structure
includes a JSON file and generating the register-transfer level data structure for the integrated

circuit comprises:
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parsing the JSON file to determine the values of the design parameters of the
integrated circuit design;

converting the design parameter values into input parameter values for an register-
transfer level generator; and

invoking the register-transfer level generator with the input parameters to obtain

register-transfer level data included in the register-transter level data structure.

10.  The method of any of claims 1 to 9, wherein the register-transfer level data structure

includes a memory map, one or more port assignments, and floorplan information.

11. The method of any of claims 1 to 10, wherein generating the register-transfer level
data structure for the integrated circuit comprises:
executing Scala code to read the design parameters data structure and dynamically

generate a circuit graph.

12. The method of any of claims 1 to 11, wherein generating the register-transfer level
data structure for the integrated circuit comprises:
invoking a Diplomacy package in Chisel to determine a bus protocol for the

integrated circuit.

13. The method of any of claims 1 to 12, wherein generating the software development
kit for the integrated circuit comprises:
generating loaders for a Verilog simulator and a physical field programmable gate

array to be flashed.

14. The method of any of claims 1 to 13, comprising:

receiving the acceptance criteria with the design parameters data structure.

15. The method of any of claims 1 to 14, comprising:

updating the design parameters data structure based on the test results.

16. The method of any of claims 1 to 15, wherein the design parameters data structure

includes a reference to a template design.
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17. The method of any of claims 1 to 16, wherein generating the physical design data
structure for the integrated circuit comprises:

invoking source synthesis and place and route tools;

invoking logical equivalent checking; and

invoking a static timing analysis tool.

18. The method of any of claims 1 to 17, comprising:
generating the design parameters data structure based on input received via a web
application that displays an auto-updating block diagram of a template design reflecting

changes to values of the design parameters of the integrated circuit.

19. The method of any of claims 1 to 17, comprising:
generating the design parameters data structure based on input received via an

application programming interface.

20.  The method of any of claims 1 to 19, wherein the integrated circuit is an IP core.

21. The method of any of claims 1 to 19, wherein the integrated circuit is a system-on-a-
chip.

22. A system comprising;

a web application server configured to generate a design parameters data structure
based on input received, wherein the design parameters data structure includes values of
design parameters of an integrated circuit design, and configured to display an auto-updating
block diagram of a template design reflecting changes to values of the design parameters of
the integrated circuit;

a register-transfer level service module configured to generate a register-transfer level
data structure for the integrated circuit based on the design parameters data structure;

a software development kit service module configured to generate a software
development kit for the integrated circuit based on the register-transfer level data structure;

a physical design service module configured to generate a physical design data
structure for the integrated circuit based on the register-transfer level data structure;

a verification service module configured to generate a test plan for an integrated

circuit based on the design parameters data structure and acceptance criteria; and
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a controller configured to access the design parameters data structure, invoke the
register-transfer level service module with the design parameters data structure to obtain the
register-transfer level data structure, invoke the software development kit service module
with the register-transfer level data structure to obtain the software development kit, invoke
the physical design service module with the register-transfer level data structure to obtain the
physical design data structure, invoke the verification service module to obtain the test plan,
and invoke tests for the integrated circuit based on the test plan, the register-transfer level
data structure, the software development kit, and the physical design data structure to obtain a

set of test results.

23. The system of claim 22, comprising:
a documentation service module configured to generate documentation for the

integrated circuit based on the register-transfer level data structure.

24. The system of any of claims 22 to 23, comprising:
a field programmable gate array service module configured to generate a field
programmable gate array emulation data structure for the integrated circuit based on the

register-transfer level data structure and the software development kit.

25. The system of claim 24, wherein the controller is configured to invoke a test using a
field programmable gate array, programmed based on the field programmable gate array
emulation data structure, to obtain an emulation result, wherein the field programmable gate

array is operating on a cloud server.

26.  The system of any of claims 22 to 25, wherein the controller includes an application
programming interface that enables scripting to process multiple design parameters data

structures.

27.  The system of any of claims 22 to 26, wherein the controller is configured to transmit
a physical design specification based on the physical design data structure to a server to

invoke manufacturing of the integrated circuit.

28.  The system of any of claims 22 to 27, wherein the register-transfer level data structure

includes a memory map, one or more port assignments, and floorplan information.
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29.  The system of any of claims 22 to 28, wherein the register-transfer level service
module is configured to execute Scala code to read the design parameters data structure and

dynamically generate a circuit graph.

30.  The system of any of claims 22 to 29, wherein the register-transfer level service
module is configured to invoke a Diplomacy package in Chisel to determine a bus protocol

for the integrated circuit.

31 The system of any of claims 22 to 30, wherein the software development kit for the
integrated circuit comprises loaders for a Verilog simulator and a physical field

programmable gate array to be flashed.

32.  The system of any of claims 22 to 31, wherein the controller is configured to update

the design parameters data structure based on the test results.

33.  The system of any of claims 22 to 32, wherein the design parameters data structure

includes a reference to a template design.

34.  The system of any of claims 22 to 33, wherein the integrated circuit is an IP core.

35.  The system of any of claims 22 to 33, wherein the integrated circuit is a system-on-a-
chip.

36. A system comprising;

a network interface;
a memory; and
a processor, wherein the memory includes instructions executable by the processor to
cause the system to:
access a design parameters data structure, wherein the design parameters data
structure includes values of design parameters of an integrated circuit design;
responsive to a command identifying the design parameters data structure,
generate a register-transfer level data structure for an integrated circuit based on the

design parameters data structure;
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responsive to the command identifying the design parameters data structure,
generate a software development kit for the integrated circuit based on the register-
transfer level data structure;

responsive to the command identifying the design parameters data structure,
generate a physical design data structure for the integrated circuit based on the
register-transfer level data structure;

responsive to the command identifying the design parameters data structure,
generate a test plan for an integrated circuit based on the design parameters data
structure and acceptance criteria,;

responsive to the command identifying the design parameters data structure,
invoke tests for the integrated circuit based on the test plan, the register-transfer level
data structure, the software development kit, and the physical design data structure to
obtain a set of test results; and

transmit, using the network interface, a design data structure based on the
register-transfer level data structure, the software development kit, the physical design

data structure, and the test results.

37. The system of claim 36, wherein the memory includes instructions executable by the
processor to cause the system to:
responsive to the command identifying the design parameters data structure, generate

documentation for the integrated circuit based on the register-transfer level data structure.

38.  The system of claim 37, wherein generating documentation for the integrated circuit
comprises:

parsing the register-transfer level data structure for the integrated circuit to identify
applicable portions of a documentation framework;

generating snippets of documentation based on the applicable portions identified;

assembling the snippets into a dictionary;

instantiate a document from a template; and

merge references to the dictionary with the document.

39.  The system of any of claims 36 to 38, wherein the memory includes instructions
executable by the processor to cause the system to:

responsive to the command identifying the design parameters data structure, generate

-50-



WO 2020/028628 PCT/US2019/044610

a field programmable gate array emulation data structure for the integrated circuit based on

the register-transfer level data structure and the software development kit.

40. The system of claim 39, wherein the memory includes instructions executable by the
processor to cause the system to:

invoke a test using a field programmable gate array, programmed based on the field
programmable gate array emulation data structure, to obtain an emulation result, wherein the

field programmable gate array is operating on a cloud server.

41.  The system of any of claims 36 to 40, wherein the memory includes instructions
executable by the processor to cause the system to:
transmit a physical design specification based on the physical design data structure to

a server to invoke manufacturing of the integrated circuit.

42. The system of claim 41, wherein the physical design specification includes designs
for multiple independent integrated circuits, including the integrated circuit, and wherein the
memory includes instructions executable by the processor to cause the system to:

allocate mask area to the multiple independent integrated circuits based on a
production plan; and

perform design rule checks on the physical design specification.

43.  The system of any of claims 41 to 42, wherein the memory includes instructions
executable by the processor to cause the system to:

manufacture the integrated circuit;

install the integrated circuit in a system configured to operate the integrated circuit
responsive to commands received via communications with a cloud server; and

transmit a login for accessing and controlling the integrated circuit.

44.  The system of any of claims 36 to 43, wherein the design parameters data structure
includes a JSON file and generating the register-transfer level data structure for the integrated
circuit comprises:

parsing the JSON file to determine the values of the design parameters of the
integrated circuit design;

converting the design parameter values into input parameter values for an register-
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transfer level generator; and
invoking the register-transfer level generator with the input parameters to obtain

register-transfer level data included in the register-transter level data structure.

45.  The system of any of claims 36 to 44, wherein the register-transfer level data structure

includes a memory map, one or more port assignments, and floorplan information.

46. The system of any of claims 36 to 45, wherein generating the register-transfer level
data structure for the integrated circuit comprises:
executing Scala code to read the design parameters data structure and dynamically

generate a circuit graph.

47. The system of any of claims 36 to 46, wherein generating the register-transfer level
data structure for the integrated circuit comprises:
invoking a Diplomacy package in Chisel to determine a bus protocol for the

integrated circuit.

48. The system of any of claims 36 to 47, wherein generating the software development
kit for the integrated circuit comprises:
generating loaders for a Verilog simulator and a physical field programmable gate

array to be flashed.

49.  The system of any of claims 36 to 48, wherein the memory includes instructions
executable by the processor to cause the system to:

receive the acceptance criteria with the design parameters data structure.

50.  The system of any of claims 36 to 49, wherein the memory includes instructions
executable by the processor to cause the system to:

update the design parameters data structure based on the test results.

51.  The system of any of claims 36 to 50, wherein the design parameters data structure

includes a reference to a template design.

52. The system of any of claims 36 to 51, wherein generating the physical design data
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structure for the integrated circuit comprises:
invoking source synthesis and place and route tools;
invoking logical equivalent checking; and

invoking a static timing analysis tool.

53.  The system of any of claims 36 to 52, wherein the memory includes instructions
executable by the processor to cause the system to:

generate the design parameters data structure based on input received via a web
application that displays an auto-updating block diagram of a template design reflecting

changes to values of the design parameters of the integrated circuit.

54. The system of any of claims 36 to 52, comprising:
generating the design parameters data structure based on input received via an

application programming interface.

55.  The system of any of claims 36 to 54, wherein the integrated circuit is an IP core.
56.  The system of any of claims 36 to 54, wherein the integrated circuit is a system-on-a-
chip.

57. A method comprising;

receiving a design parameters file, wherein the design parameters file includes values
of design parameters of an integrated circuit design;

automatically generating a register-transfer level file, a software development kit, and
a physical design file for an integrated circuit based on the design parameters file; and

automatically invoking tests for the integrated circuit based on the register-transfer
level file, the software development kit, and the physical design file to obtain a set of test

results.

58. The method of claim 57, comprising;
automatically generating documentation for the integrated circuit based on the

register-transfer level file.

59. The method of claim 58, wherein generating documentation for the integrated circuit
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comprises:
parsing the register-transfer level file for the integrated circuit to identify applicable
portions of a documentation framework;
generating snippets of documentation based on the applicable portions identified,
assembling the snippets into a dictionary;
instantiating a document from a template; and

merging references to the dictionary with the document.

60. The method of any of claims 57 to 59, comprising:
automatically generating a field programmable gate array emulation file for the

integrated circuit based on the register-transfer level file and the software development kit.

61. The method of claim 60, comprising;
invoking a test using a field programmable gate array, programmed based on the field
programmable gate array emulation file, to obtain an emulation result, wherein the field

programmable gate array is operating on a cloud server.

62. The method of any of claims 57 to 61, comprising:
transmitting a physical design specification based on the physical design file to a

server to invoke manufacturing of the integrated circuit.

63. The method of claim 62, wherein the physical design specification includes designs
for multiple independent integrated circuits, including the integrated circuit, and comprising:
allocating mask area to the multiple independent integrated circuits based on a

production plan; and

performing design rule checks on the physical design specification.

64. The method of any of claims 62 to 63, comprising:

manufacturing the integrated circuit;

installing the integrated circuit in a system configured to operate the integrated circuit
responsive to commands received via communications with a cloud server; and

transmitting a login for accessing and controlling the integrated circuit.

65. The method of any of claims 57 to 64, wherein the design parameters file includes a
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JSON file and generating the register-transfer level file for the integrated circuit comprises:

parsing the JSON file to determine the values of the design parameters of the
integrated circuit design;

converting the design parameter values into input parameter values for an register-
transfer level generator; and

invoking the register-transfer level generator with the input parameters to obtain

register-transfer level data included in the register-transfer level file.

66.  The method of any of claims 57 to 65, wherein the register-transfer level file includes

a memory map, one or more port assignments, and floorplan information.

67. The method of any of claims 57 to 66, wherein generating the register-transfer level
file for the integrated circuit comprises:
executing Scala code to read the design parameters file and dynamically generate a

circuit graph.

68. The method of any of claims 57 to 67, wherein generating the register-transfer level
file for the integrated circuit comprises:
invoking a Diplomacy package in Chisel to determine a bus protocol for the

integrated circuit.

69. The method of any of claims 57 to 68, wherein generating the software development
kit for the integrated circuit comprises:
generating loaders for a Verilog simulator and a physical field programmable gate

array to be flashed.

70. The method of any of claims 57 to 69, comprising:

receiving acceptance criteria with the design parameters file.

71. The method of any of claims 57 to 70, comprising:

updating the design parameters file based on the test results.

72. The method of any of claims 57 to 71, wherein the design parameters file includes a

reference to a template design.
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73. The method of any of claims 57 to 72, wherein generating the physical design file for
the integrated circuit comprises:

invoking source synthesis and place and route tools;

invoking logical equivalent checking; and

invoking a static timing analysis tool.

74. The method of any of claims 57 to 73, comprising:
generating the design parameters file based on input received via a web application
that displays an auto-updating block diagram of a template design reflecting changes to

values of the design parameters of the integrated circuit.

75. The method of any of claims 57 to 73, comprising:
generating the design parameters file based on input received via an application

programming interface.

76.  The method of any of claims 57 to 75, wherein the integrated circuit is an IP core.

77. The method of any of claims 57 to 75, wherein the integrated circuit is a system-on-a-
chip.

78. A system comprising;

a web application server configured to generate a design parameters data structure
based on input received, wherein the design parameters data structure includes values of
design parameters of an integrated circuit design, configured to display an auto-updating
block diagram of a template design reflecting changes to values of the design parameters of
the integrated circuit, and configured to issue a command to build the integrated circuit
design; and

a controller configured to, responsive to the command to build the integrated circuit
design, access the design parameters data structure, invoke a register-transfer level service
module with the design parameters data structure to obtain a register-transfer level data
structure, invoke a software development kit service module with the register-transfer level
data structure to obtain a software development kit, invoke a physical design service module

with the register-transfer level data structure to obtain a physical design data structure, invoke
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a verification service module to obtain a test plan, and invoke tests for the integrated circuit
based on the test plan, the register-transfer level data structure, the software development kit,

and the physical design data structure to obtain a set of test results.

79.  The system of claim 78, wherein the controller is configured to:
invoke a documentation service module with the register-transfer level data structure
to obtain documentation for the integrated circuit based on the register-transfer level data

structure.

80.  The system of any of claims 78 to 79, wherein the controller is configured to:
invoke a field programmable gate array service module configured to generate a field
programmable gate array emulation data structure for the integrated circuit based on the

register-transfer level data structure and the software development kit.

81. The system of claim 80, wherein the controller is configured to invoke a test using a
field programmable gate array, programmed based on the field programmable gate array
emulation data structure, to obtain an emulation result, wherein the field programmable gate

array is operating on a cloud server.

82.  The system of any of claims 78 to 81, wherein the controller includes an application
programming interface that enables scripting to process multiple design parameters data

structures.

83. The system of any of claims 78 to 82, wherein the controller is configured to transmit
a physical design specification based on the physical design data structure to a server to

invoke manufacturing of the integrated circuit.

84.  The system of any of claims 78 to 83, wherein the register-transfer level data structure

includes a memory map, one or more port assignments, and floorplan information.
85.  The system of any of claims 78 to 84, wherein the register-transfer level service

module is configured to execute Scala code to read the design parameters data structure and

dynamically generate a circuit graph.
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86.  The system of any of claims 78 to 85, wherein the register-transfer level service
module is configured to invoke a Diplomacy package in Chisel to determine a bus protocol

for the integrated circuit.

87. The system of any of claims 78 to 86, wherein the software development kit for the
integrated circuit comprises loaders for a Verilog simulator and a physical field

programmable gate array to be flashed.

88.  The system of any of claims 78 to 87, wherein the controller is configured to update

the design parameters data structure based on the test results.

89.  The system of any of claims 78 to 88, wherein the design parameters data structure

includes a reference to a template design.

90.  The system of any of claims 78 to 89, wherein the integrated circuit is an IP core.
91.  The system of any of claims 78 to 89, wherein the integrated circuit is a system-on-a-
chip.
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