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Abstract

Recent times have seen a vast change in trends ranging from mode of imparting
education to transforming the world into a global village through ‘Digital Era’. In this
course of changes, the size of electronic devices, is a key factor around which electronic
industry is advancing. Starting from a room-size computer, we now hold a vision to
develop the device that must occupy minimum space, maximum features with optimal

utilization of power.

‘System on Chip’ is the technology that backs up the feasibility to turn the vision true. It
involves a very complex level of integration of various parts of a system onto a single
chip. SoCs are rapidly replacing CPUs in the electronics market, and the pace of this
change demands the design cycle time to be even shorter. The thesis document discuss
briefly this crucial issue and addresses the most time-consuming phase of SoC design,
i.e., Verification. Since industry research is primarily need oriented, we, at
STMicroelectronics, take up the opportunity to develop solutions for the sections that

pose significant challenge to the business activities of the company.

We present, SLM, the memory model that improves the reliability, and reduces efforts to
test the functional accuracy of SoC design involving memory components. In the thesis,
the solution for automated testing of SLM and its user interface have been presented.
Focus primarily lies in minimizing the effort to test the memory model which therefore
will ensure proper support to SoC Verification Design. The portability of model is
supported through three simulators- Incisiv by Cadence Design Systems, vcs by
Synopsys and Questa SIM by Mentor Graphics. Currently, we have tested it with Incisive
only. Some work on extending System Verilog support by SLM libraries, is also been

discussed as SV is one of the trending verification languages in recent times.
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Chapter-1
Introduction

Evolution of ‘Information Age’ has contributed indispensably towards advancement of a
number of disciplines. One such domain, where IT is doing a commendable job for
researchers is Electronics. The rapid advancement in semiconductor processing technology, is
a major causeof steep rise in complexity of circuit design. This complexity include various
parameters, such as gate-density, operational features, and power consumption. Development
of HDTV, 3G and 4G devices are clear indicators of the need to incorporate traditional
processors, memories and peripherals on a single silicon. The technology that caters to this

need very well, is termed ‘System On Chip’.

1.1  System-On-Chip Design
1.1.1 Technology and Trend

‘System-on-chip’ system is an integrated system that constitutes all the system components
such as microprocessors, I/O systems, memories, buses system and other intellectual property
components. This technology support systems, those can be deployed in an environment
which is small, and require high speed and efficiency.Research agency In-Stat predicts robust
market growth for System-on-Chips (SoCs),estimating that volumes will increase an average
of 31% a year, reaching 1.3 billion unitsin 2004 [1]. The growing demand for powerful
handheld devices and green data-centers will continue to influence the next generation SoC

architectures. Fig. 1.1 shows a basic set of components usually incorporated in SoC system.

SoC Chip A

I

Multimedia Encoders ' Decoders

Direct MemoryAccess

L

aital 5

ARMCPU Digital Signal '
Processor 0

-

NIC Andio USB Video Z
e

Fig. 1.1 Basic overview of components inside the SoC




1.1.2 Design Process

The basic design process of SoC system is divided into front-end design and back-end
design.While front-end engineer creates a netlist with limited concept of physical world, the
back-end engineer focus on flow creation strategy [1]. Overall cornerstones of SoC design

process are described below :

a. Architecture Design: The architecture of processors and buses forming the
interconnect for various IPs are a generic concern since they will ultimately control
the efficiency of output from IP components. Depending upon the required processing

capability expected, the system may need varying set of architectural configuration.

b. IP Selection : The IP components to be integrated on a system must be from trusted

sources. Every IP must be properly validated through randomized tests.

c. Verification : It forms the most crucial phase of SoC Design. About 60% of SoC

development time is spent on verification [1].

d. Integration : The key challenge in SoC Design is the interconnect design for various
IPs installed on the chip. It is done with a certain set integretion test vectors which are

genrally more directed in nature.

e. Validation : Validation of SoC system is a two level process. Firstly, it involves
modular validation of each IP to be installed. Secondly, the integration should be
thoroughly validated. The validation of IP and SoC differs in that, the test suite for IP
generates randomized test cases, as against more directed test cases in the SoC

validation test suite.

f. Physical Synthesis : It is the responsibility of back-end team to appropriately handle
for physical factors becoming more prominent. Such factors may include Cross Talk,

EMI effects, electromigration, 3D noise etc.

Since, the time-to-market is a major challenge in SoC manufacturing industry, the Hardware-

Software Co-verification approach comes into play. In this methodology, the special



operating systems to be designed for the chips are simultaneously developed and tested
against the software models of those chips. This results in release of product launch in
lessertime frame. A diagrametic representation of the whole process and its utility is been

depicted below :

Specification
(Various IPs to be infegrated are specified)
Architecture Design, 1P Selection
RTL Software
(In Verilog, VHIDL) Development
Design, Verification,
. Integ.retion, RTL * Development of
Front End Simulation, Validation software models for
l various IPs which can
. be further wused in
Synthesis T/w-Shw Co-
{Outputs gate netlist) Verification.

¢ Development of
embedded software for
the chip to be

manufactured

X v
Place Our team works with first
and perspective.

Advantage: Testing of
Back End Route embedded  sofiware  and
‘L sysiem level test cases can be
. . domne before the chip is

v Fabrication actually available.

Fig. 1.2 SoC Design Process

As described in the Fig. 1.2, Software Development in parallel to RTI Design Development is

beneficial in terms of overall design time. Software development is SoC Design is carried out

with following perspectives :

e Developing software models for intellectual properties which can be further used in H/W-
S/W Co-Verification.

e Developing embedded software for chip to be manufactured.



1.1.3 Opportunities and Challenges

Key Opportunities :

o Cost-effective.

e High level of IP integretion on a single piece of silicon.

e Significantly reduced overall design cycle time with retained/enhanced performance.

e Evolution of multi-core architecturesand network on chip result into complex designs for

SoC. Appropriate software models can be advantageous to verify designs at early stages.

Key Challenges :

e Covering the design gap between increasing complexity of SoCs and way to
verifying/validating it.

e Since complexity is increasing at rapid pace the manual efforts required are becoming a

concern.

1.2 Role of Verification

In early times, the custom-crafted circuit designs were conveniently suited on the silicon area

made available to designers. But, that changed altogether with need of complex chip design

exhibiting an extreme level of integretion over the same silicon area being available. The

growth of design reuse is resulting rise in the percentage ofsilicon occupied by IP blocks [2].

This trend significantly reduce complexity in design tasks but on the other hand raised

concerns for functional verification of the system. As mentioned in[3], system-level

verification can genuinely take up to 80% of overall design time.Since all the IP blocks must

be integrated and verified within the context of each unique SoC, verification has become the

dominant task in today’s SoC and systems projects [2].Interconnection of various IPs on a

single chip faces following challenges while verifying the system as a whole.

e Data, control and clock mismatch due to varying protocols of communication.

e Integrated and functionally verified sub-systems do not guarantee the same for complete
system.

e System interconnect may be result into global execution order for processing unit or may
be multi-threaded.

e Increased programmability of SoC result in large number of use cases to be verified.

e Design gap between evolving complexity of SoC and methods to validate them at an early

stage.



After each step of refinement, the implementation is verified and validated. Verification
refers to consistent operation at current level as validated at previous level of abstraction.
Validation on the other hand tests for conformation of new development w.r.t the
specification. Since, it is a crucial part of SoC design process, a lot of work is being carried to

resolves the challenges mentioned above.

1.3 Our Team

Our team work with the development of software models for IPs, and specifically the thesis
present work related to memory model. “System Design Solutions” is responsible for
software modelling of different type of memories. These software models are then delivered
to others teams within ST for incorporating with their simulators for verification purpose. Our
team deals with one such memory model known as System Level Memory and its brief

overview has been presented in the upcoming sections.

1.4 Complex Memory Operations

With a drastic change in computational and data miningtechniques,there is a significant
change in the view for memory operations and CPU utilization. Development of GPUs, DMA
Controllers and other dedicated processing units is a result of this change. The read/write
memory operations in complex and computation intensive applications are a big overhead on
the SoCs being developed for such applications. In-memory databases, memory scanners, and
debuggers are few such applications which may violate TTM constraint, if relied on physical
memory for verification. One such application where data processing capabilities are
expected to be tackled by SoC design optimization and memory element being one of the
crucial component is proposed in [4].

1.5 Verification Technologies in SoC Design

Commonly used verification techniques are:

1.5.1 Simulation Based : It can be transaction based, code coverage based, hardware-
software co-verification, lint checking or other static technologies.

1.5.2 Formal Technologies : It can include theorem proving techniques, or formal model
and equivalence checking techniques.

1.5.3 Physical Verification : It includes handling of various electrical issues such as IR

drop, crosstalk, timing and signal integrity etc.



Our system, supports simulation based verification, with services related to ISS and

Hardware-Software Co-Verification.

1.6  Verification Environment

Functional verification of a system is primarily to detect any bugs in the system before it is
passed on to the consumer. It is not necessary that all bugs lead to failure but it is always an
important metric for measuring quality of the system.In a true sense, it is a model of universe,
as far as design is concerned [5]. Fig. 1.3 shows the components of a verification

environment.

Test Bench

Input Output

Fig. 1.3 Verification Environment

16.1 Key Terms
a. Test Bench : It is a virtual environment [6] that is used to verify the correctness or
soundness of a design or model.
b. Device Under Test : DUT is the term commonly refers to the manufactured product

under testing. It is also known as Unit Under Test or Equipment Under Test.

1.7  System Level Memory Model

SLM is proprietary software used at STMicroelectronics by verification teams to analyze
various memory operations. SLM stands for ‘System Level Memory’. It can be used to verify
any functional design that require complex memory operations. It reduce the physical
memory overhead by simply giving a ‘C’ memory view to the physical memory thereby
enhancing performance by almost 50x to 1000x times. It allows to study the state transitions
that a certain memory instance may undergo while being a part of a design simulated in
HDLs such as Verilog and VHDL. SLM is a set of mixed HDL/C++ memory models, where



the models correspond to HDL functional architectures. Technically, replacement of memory

array assignments with C/C++ subroutine calls turn HDL register/variable into ‘C Storage’.

1.7.1 What an SLM Model Looks Like ?

Fig. 1.4 shows a sample code which use SLM Services to register a memory instead of
memory allocated through RTL.

module SPS6 (Q, CK, CSN, WEN, A, D);
/lreg [Width — 1:0] Mem[Depth-1:0]; (\
initial begin

SsIm_RegisterMemory(Handle, Depth, Width, “Bank0”);
End

Former HDL Storage

task ReadCycle; begin
/ftemp = Mem(addr);
Sslm_ReadMemory(Handle, addr, data);
end
endtask

task WriteCycle; begin
//Mem(addr) = data; /
Sslm_WriteMemory(Handle, addr, data);

end
endtask

SLM HDL/C++
Viewed C Storage

endmodule

Fig. 1.4 Sample code depicting SLM Model

1.7.2 Calling C Procedures from HDL

Fig. 1.5 shows the invocation of C functions through HDL design, which is as simple as

registering physical memory through HDL code.

module SPS6 (Q, CK, CSN, WEN, A, D);
freg [Width — 1:0] Mem|[Depth-1:0];
initial begin
Sslm_RegisterMemory(Handle, Depth, Width, “Bank0"); >
End

Allocate *C™ array with size
Depth words of Width bits

task ReadCycle; begin
fHtemp = Mem(addr);

Sslm_ReadMemory(Handle, addr, data); \
end

endtask “C” access into “C™ array
functionally equivalent to hdl
task WriteCycle; begin / assignments

fMem(addr) = data;
Sslm_WriteMemory(Handle, addr, data);
end

endtask

endmodule

Fig. 1.5 C Procedure Calls from HDL



1.7.3 How It Works ?

SLM “C’ storage and services are delivered as pre-built *C’ dynamic libraries. In order to

connect HDL logic together with the C array and related access functions, the simulator

specific HDL/C interface are used.

1.7.4 SLM Advantages

A set of verification, debug and recording services.

A Memory viewer.

Capability to record everything that actually happens on each SLM instance.

Memory content is now in C/C++ which is a high level language that leverages the

connection with 3d party tools: analysis tools, viewers...

Memory content can be manipulated using a C interface, thus bypassing the standard

HDL way called ‘Backdoor Access Capability’.

SLM infrastructure can be used in a pure C/C++ environment (namely SystemC 2.0.1
TLM platforms)

SLM models can expose their back-door interface to other C models that are involved in
the HDL simulation (like Instruction Set Simulators ~ ISS)

Common added-value services can be implemented in the C part and reused in different
models as black-box “legacy code” (i.e. Fault injection, BIST testing)

Same debug and verification services can be reused in different abstraction levels
e HDL simulations

e SystemC TLM simulations

For different use
e Verification&Debug
e HW/SW Co-Verification

e Memory Subsystem Analysis



1.7.5 Platforms, Simulators and Languages

It is well supported by Linux Operating System. In term of supporting simulators and
languages the following depict a wide range of platforms that SLM is callable from. Fig. 1.6
shows the architecture for multi-platform support by SLM.

sin

VHDL/Verilog

SLM

Console of various

UNICADY Set of platforms using
PATCHED HDL SLM languages Ke
Memeories APT Kernel such as

CH++ C/C++, Eg., Testhbench,
HDL etc.

Nesim, ModelSim,

Ves-mx

HDL. Test
Bench

Fig. 1.6 Usability of SLM model with various simulators

Table 1.1 presents the list of SLM supporting simulators and designs they use to

communicate with SLM.

Table 1.1 Supported simulators and languages

Simulator SLM Memory model Design
Cadence Ncsim Mixed HDL Mixed HDL
Mentor Modelsim Mixed HDL Mixed HDL
Synopsys VCS-MX Mixed HDL Mixed HDL

1.7.6 Need of SLM

Calling SLM services is relevant to be used when any of enhanced debug and verification

features are to be exercised.
* SLM services rely on the “C” storage of SLM memories.

» Services can be invoked from the beginning of the simulation because the “C” storage is

registered before the start of the simulation.

» All services are 0-time consuming with respect to the logic simulation.




1.7.7 Applications

As depicted in Fig. 1.6, it is callable from a number of platforms such as ncsim, modelsim,

vcs-mx console, C/C++ etc. This enhances its usability for a number of users including :

a. SLM Model providers. It include the internal services in the model which is not

accessible by general users.

b. Verification, Integration and Design Engineers.

c. Users of external-services like memory sub-system analysis, standard functions like

verification, debugging and recording etc., provided by SLM.

1.7.8 SLM Service Categories

a. Internal Services

They are used by model developers and are not visible to the users operating the model.

Few internal services are :

Registering the memory instances.
Read and Write Access.

Loading the memory instance.
Reset the memory state.

System memory based operations.

b. External Services

They are accessible to users operating the model, thereby, achieve easier interaction

between user and software. Various external services can be categorized as :

Utility Services

Verification, Recording and Debug Services
System Services

HW/SW Co-Verification Services
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Chapter-2
Literature Review

2.1 GUI Design &Test Automation
2.1.1 Recent Work

Number of approaches have been worked upon to automate the GUI test process, since it is
one of the most robust solutions to pace-up the testing problem [7]. G. M. D. Gandhi et al. [7]
proposed a solution, termed GUIRobo, a stress-testing based tool, that overcome a number of
testability challenges in automation process for testing. But that may be subject to usability
since the input file it takes as interface description, may miss out on dynamically changing

interface.

An available choice to many testers, are test-script based automation and capture-replay
methodology, which may seen viable solution for light-weight and simple GUIs, but as the
complexity of GUI system scales up, they fail to meet the expectations. They require a lot of
human intervention if the GUI is dynamically changing. Any state in the system, if required

to be re-produced, is very-consuming and cumbersome.

Another alternative to these strategies is model based GUI testing, M. Blackburn, et al.[8]
compared how model based testing can be a lot more efficient to handle the dynamic GUI
systems. Model-based testing can also contribute to eliminating defects in requirement, and

reduce typically manual design effort.

Two model-based test approaches that significantly provides for efficient coverage of GUI
testing are Bayesian model based [9]and State-chart based [10] approaches. They offer viable
alternatives to replace high overhead of script-based automation systems. Z. F. Yang et al. [9]
very systemetically proposed the reliability of GUI as a measure of probabilities that covers
both the structural and operational profile of the system. This creates a space for complex
event interactions to be accomodated through ‘transition matrix’, which makes it very
suitable for testing the GUI functionally as well as operationally, thereby giving solution for

accuracy and reliability of system.

But the assumption it takes regarding freezed source code, again makes it non-adaptable to
the dynamic perspective of interface layouts.
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V. Santiago et.al. [10] proposed an efficient solution to present specification model in terms
of Statechart diagrams, and further translating them to XML format. This can be effective in
handling dynamic nature of layouts, and rich set of details can be acquired about complex
systems. R. M. Sharma [11] presented a practical result in metric terms to show the difference
automated testing can make. Z. Liu et.al. [12] proposed a systemetic approach to differentiate
between script driven content, layout description and test inputs in data definition. H. Zhu
et.al. [13] presented a compiled view of various aspects in software testing, which primarily
include, security and test case generation. Z. Liu et.al. [14] presented a framework to support
the concept of different definitions of test inputs, script driven variables and layout
description. M. Sharma et.al. [15] described model based testing as an evolving technique for

generating test cases from behavioral model of SUT.

2.1.2 Challenges

GUI testing can be manual or automated. Manual Testing is really a tedious task, that involve
executing a number of test cases designed by engineer manually.lt requires the tester to be
creative, innovative, conjectural and open-minded. For manually testing to be effective, the
tester must possess patience, good observations and skill at job.Despite being time consuming
and effort demanding, reliability of manual testing [16], is questionable, when the complexity
of prevailing projects in the domain, is observed. Thus, manual testing is not a viable
alternative, when it cost too much without being reliable and may get error-prone.While
manual testing have serious implications on system quality, automated testing offer a number
of advantages. Automated Testing is faster and reliable as compared to manual option. It can
facilitate improved regression testing of system, with considerable effort on one-time design
of test suite automation [11]. Automating the GUI testing, if implemented properly, can save

a lot of time, cost and effort.

Significant benefits of automated test suite are [7]:

A. Improved system quality and minimal testing effort.
Support for testing the GUI over a number of platforms.
Improved regression testing.

Repeated generation of certain states in system become significantly easy.

mo o w

Significant contribution to prove the conclusions consistent with results, since replication

of scenarios is no more cumbersome.
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Number of challenges are inherent from the complexities in GUI design and test automation.
Completeness, reliability and accuracy become the important parameters for software quality

in such a case. Few constraints impact the choice very significantly.

e Programming Language

Programming language play a very important due to its dependency on compiler and third-
party support. Different programming paradigms can make one approach easy in ccertain
language and same approach extremely difficult in another. For instance, a good alternative
for VB based GUI may not prove to be as good for Java based GUI. A change in language
may simply need the developer to modify whole recording structure of test suite [11].

e Platform

The operating system come into play if GUI relates to some system application or if it is
tightly coupled with the operating system.

e Structural Profile

Structural profile of GUI [9], constitutes the components planted on the interface and it
becomes a concern when that is dynamically changing throughout the user interaction. In
such case monitoring of changes and the complex event interactions may need to be

published into reports for proper tracking.

Although a number of tools for automated testing are available, there is not much
significance of them for many companies.lt is so because many of them are based on test
scripts which are either developed or they may have been created using recorded and

replayed approach, which fails to counter the impact of changing layouts [7].

GUI Design had totally been worked upon w.r.t SLM structure. The inherent challenges in
SLM Core were traced to plan some cornerstones and verticals for exploration. A major
challenge was ‘A big ball of mud’ [17]. Basically, we found the system as one of those
whose structures are either missing right from the initial phases of development, or if they
ever exist, might have got eroded with various factors. It reached a stage beyond repair, i.e.,
an un-maintainable solution, which can’t be further supported with new ideas to sustain new

user requirements.
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We found our system in a state as depicted by Fig. 2.1.

Big Ball Of Mud

Throwaway Code:

Piecemeal Growth
P e

Shearing Layers

Sweeping it Under The Rug

Fig. 2.1 Inherent problem traced from current system

Factors

Wer Here

So we had a responsibility while designing GUI, that we do not end up adding more muddy

code segments to already existing jungle of codes. Thus, we planned certain cornerstones for

the project.

Should run in non-Co-Sim mode as well.
Simple environment setup

Seamless integretion of sub-systems
Modular and Loosely coupled sub-systems
Usage of Free tools

Mechanism to self test the system

Keeping that in focus, we explored following verticals while designing GUI as described
through Fig. 2.2.

GUI
GUI Data Data Sharing Automated
Technology Communication Methodology Testing
. Binding
LA Client-Server Non G EiEEen Tables
SCII Client-Server
Tcl/Tk Communication File Dumps
ZeroMQ
Unix
Sockets

Fig. 2.2 Various verticals explored for SLM GUI Design
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2.2 System Verilog Support

Presently, the system is based on mix C++/HDL models, where functions are developed in
C++ and RTL design is Verilog and VHDL based. But Verilog and VHDL based designs are
very complex and time consuming. A division between data-structures and code, makes it
very difficult for Verilog users to understand the program functionality. System Verilog
provides support for OOP features making RTL design much flexible and manageable
withfeatures like inheritance, encapsulation, polymorphism, etc. Verilog and System Verilog
both allow calling of C functions. While Verilog can do it using VPI or PLI, Systesm Verilog
uses DPI for the same. A brief comparison of PLI, VPI and DPI is presented in the following

section :

PLI offers two kind of libraries : TF and ACC Library. TF library can access the arguments
of a system task, and therefore, simulators can predict only at compile time, about the
information that shall be accessed by PLI application [18]. It was defined in a file
‘veriuser.c’. To enhance its capabilities, ACC library was introduced, and was defined in a
file ‘acc_user.c’. It added up the facilities like power analysis, delay calculation and other
types of analysis that involved cells that make up an ASIC netlist.Unlike TF library ACC
library has the capability to access the structural level of design. But a major limitation was
its inability to access RTL models, memory arrays, and many other objects that make up a
large part in many Verilog based HDL models. Thus, a complete superset of these ACC and

TF libraries, called VVPI library, evolved.

VPI offers advantages of both the libraries and allow complete access to RTL models and
behavioral code within a simulation data structure. Many inconsistent functions and
redundancies were removed by replacing over 220 C functions with simpler 37 C functions
[18].

A third alternative to interfacing HDL models with C/C++ functions is DPI-Direct
Programming Interface. It originates from Synopsys VCS DirectC Interface and Co-Design
Cblend Interface [19]. The DPI replaces the complex Verilog PLI with a simple and straight
forward import/export methodology [20].
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The PLI has many capabilities that are not required to interface Verilog with SystemC, but
that add to the complexity of using the PLI. It act as a layer between Verilog simulation data
structures and C code, and ensure type safety concerns, which adds overhead to simulation
performance and complexity to the code. Interestingly, it allows inter-language function calls
[21] as demonstrated in Fig. 2.3.

System Verilog Code Fragment

if (a==1'b)
t= display_sample();
C Code Fragment

void display_sample()
{

}

printf("Hey | am C function accessible at Verilog\n”);

Fig. 2.3 Sample DPI-based program

2.3  System Upgradation

In corporate world, the softwares develop for internal use, are continuously evolving at
design and development level, as per the requirement of users. The access to SLM facilities is
now made available through GUI shell. Moreover, a test design strategy is being developed to
support verification of new introduced features of SLM.

2.4  Test Suite Enhancement and Automation

2.4.1 Simulators

Immediate step after RTL coding is creation of test benches [22]. The test bench is used to
inject a set of stimulus to the inputs of DUT, to check that the actual output conforms to the
designers’ expectation and system requirements. Once it is done, the simulators play the role
to put together RTL code and testbench for simulation.

24.1.1 Incisive by Cadence

As referred from the spec manual by Cadence [23], key features and structure of Incisive are

presented in this section. Incisive Enterprise Version of the Simulator combines a number of
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components together, which includes, Simulator, Desktop Manager, eAnalyzer, Scenario
Builder, SimVision, Verification Builder, and the Plan-to-Closure Methodology[23]. It
allows to ‘hot-swap’ [23]the state of software based simulation for additional performance.

A more comprehensive view of the system is shown below in Fig. 2.4.

* Planning & S Verification Environment
Management
= v v v v
v
e Mulii .| Incisive Enterprise Simulator
Multi- 'y Verification Builder ¢ System Level
Laneuace ¢ Verification Builder S
= . o .
Automation ¢ Scenario Builder — T1B~L
p| ® eAnalyzer 0 lnc‘isive
o Assertion-Base * Desktop Manager = Software
Verification ¢ Specman + Design Team Fxtensions
Simulation Core A
o Full-System ¢ SimVision
Verification i\ @ @
Device Under Test

HDLS, Assertions, Embedded Software <

Fig. 2.4 Comprehensive View of Incisive [23]

24.1.2 Modelsim/Questasim by Mentor Graphics

ModelSim is a hardware simulation and debug environment primarily targeted at smaller
ASIC and FPGA design. QuestaSim is a Simulator with additional Debug capabilities
targeted at complex FPGA's and SoC's. QuestaSim can be used by users who have experience

with ModelSim as it shares most of the common debug features and capabilities.

One of the main differences between QuestaSim and Modelsim (besides
performance/capacity) is that QuestaSim is the simulation engine for the Questa Platform
which includes integration of Verification Management, Formal based technologies, Questa
Verification IP, Low Power Simulation and Accelerated Coverage Closure technologies.
QuestaSim natively supports SystemVerilog for Testbench, UPF, UCIS, OVM/UVM where
ModelSim does not.

17


http://en.wikipedia.org/wiki/ModelSim
http://en.wikipedia.org/w/index.php?title=QuestaSim&action=edit&redlink=1

Analyze Manage

Edit & Debug
Environment

“ Test Bench
<=
TLM
Library
Simulate

SvstemC

Fig. 2.5 Comprehensive View of ModelSim[24]

24.1.3  VCS by Synopsys

VCS leads the EDA market in terms of capacity and performance, with a set of advanced
features such as bug-finding, constraint debugging, methodology-aware testbench, planning,
coverage and assertion technologies. It delivers a 2x verification speed-up and cuts down
verification time by using distributed architecture on multiple cores [25]. Easy setup and

diagnostic reports by vcs improve productivity significantly.

Table 2.1 Modelling Languages and formats supported by VCS AMS[25]

Analog Digital Mixed-Signal
SPICE Verilog Verilog-AMS
Verilog-A VHDL Real Number Model
SPEF, DSPF, DPF SystemVerilog
SystemC, Matlab

VCS provide a high-performance, built-in coverage technology to measure verification
completeness. Unified coverage aggregates all aspects of comprehensive coverage in single

database, thereby allowing execution of powerful queries and generating useful unified
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reports. The unified coverage database offers 2x to 5x improvement in merge times and up to

2x reduction in disk space usage, which is critical for large regression environments [25].

p— VCS Functional Verification Solution

Unified Coverage Database & API

Functional Code Assertion For
Coverage Coverage Coverage Coverage

— _ — ;
M Unified 1 i
coverage =| m e
paee—  report || =
N

o

e

Fig. 2.6 Unified Coverage in VCS [25]
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Chapter-3
Research Problem

Since nature of industrial research is significantly different than academic research, the
problem statement is usually governed by those differences. Where academic research takes
into account a broader range of parameters such as individual interests, trends in research,
open problems, etc., industry focus on research based on market needs, business processes
and resource planning in the industry. The thesis problem statement is formulated around the
time-to-market constraint in semiconductor manufacturing industry. Moreover, the work in
the thesis is done with objectives set from two different perspectives :

a. Project-Specific

b. Generic

3.1 Problem Statement

As discussed in previous sections, concept of system level memory and its features benefit a
number of applications in SoC Design. But the challenge to ease its testing and maintainence
pose significant delay to users. This directly hampers the usability of SLM and impact the
time-to-market constraint due to delayed verification process. Scaling SLM to counter the
rising gap between high complexity of specs and slower verification techniques is the driving
force for upgrading various sections of the model. Broadly classified sections that impact the
usability of SLM at STMicroelectronics are diagrametically presented in Fig. 3.1.

Documentation

Graphical User

Interface Feature Enhancement

System Level
Memory

System Verilog Support | Test Suite Management

Fig. 3.1 Explored sub-sections for problem solving
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A brief explanation about set of problems addressed is presented below:

Graphical User Interface : SLM is currently available in command line mode only.
Thus, it is complex for designers and verification engineers to enjoy seamless integration
of SLM, while carrying out hardware-software co-verification. Moreover,SLM is portable
to a number of simulators, thus making it cumbersome to work with changing syntax,

every now and then.

Feature Enhancement :SLM features must be enhanced to make it more user friendly

and provide better accessability to HDL models through C function calls.

System Verilog Support : Extending support to System Verilog Based models is a
crucial step to curb TTM constraint. Effort to code in System Verilog is much lesser than
coding Verilog/VHDL based models.

Test Suite Management :SLM is a large-size software system that pose a number
challenges to validation of complete system with incremental development of features.
Thus an efficient automated mechanism is required fulfill this gap.

Documentation :Finally some work around for maintaining updates through a user guide

should be provided for the designed system.

The above mentioned statement views our problem with a project specific view. From a

generic view, some GUI design decisions and its testing methodology has been presented in

the thesis. While designing GUI, we tried to address the problem of automated GUI testing

and create a solution which, in a generic sense, can cater to need of GUI testing for in-house

projects of organizations. The challenge there is, the proprietery systems of organizations are

at security risk, while subjected to testing by free tools or third-party licensed tools.

3.2

Objectives

The main objectives of the research are :

a.
b.

C.

Development of an automated testing strategy for the graphical interface SLM shell.
To enhance test-suite functionality by introducing more test-cases, for the system.
To generate and upgrade test-case for SLM in co-sim mode and TLM Mode.

Development of an automation strategy to automate tests.
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e. Development of enhanced features for SLM graphical interface such as fault injection and
function call mapping.

f. To extend System Verilog Support for following simulators :
e Ncsim
e  Questa/Modelsim

e \/cs

3.3 Research Methodology

A pragmatic approach for research has been followed at STMicroelectronics. The research
activity is initiated after problem specification. A number of methods and technologies were
explored and after proper study, the choices have been made. A chart depicting flow of
literature survey conducted has been presented below in Fig. 3.2.

1
Graphical User l Feature System Veriog Test Suite
Interface Enhancement Support Management
1 L) i 1

lestcase lestcase

tertace Aomaton | Sruclseol AU Vi ORI generaton Smtors adomaton

methodologies slrategies

P i ’
Chient-Server Non Clent-
Based Server Based

sockets ' TekTk

1]
i

Fig. 3.2 Research Domain Tree
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Chapter-4
SLM GUI Design

4.1  Design Decisions

In previous phase of explorations, communication architecture and implementation
technology, were the center of focus. In current phase, some design decisions related to data
sharing methodology and GUI testing methods, were taken. Given below is a brief account of

explored methodologies for data sharing, our inferences, and the outcome of exploration.

4.1.1 Data Sharing Methodologies

A major challenge to be dealt-with is sharing the data between SLM Core and GUI. Since
data is required to be consistent and accurate at every instant of simulation in Co-Sim and
non-Co-Sim mode.Thus, we carefully studied various methods of data sharing and prototypes
of viable options were created as will be presented in the implementation section. The
prototypes established contribute to decide on the suitable ooptions in terms of setup

complexity and run-time overheads.

a. Serialization based
e No scope for two-way communication
e Tightly coupled with legacy code of SLM
e Need Java expertise for C++ based SLM

e Not extensible

C++ SLM Java Based
Core > GUI
Serialize De-Serialize

Fig. 4.1 Serialization based communication

b. C++ Object based
e No additional overhead on environment setup
e Seamless integretion

e Support two-way communication
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C++ SLM Cpptk Based

Message
Passing
Core _ GUI
My_Object (this) My_Object (this)

Fig. 4.2 C++ based communication
c. File based
e No additional overhead on environment setup.
¢ Intermediate tracing facility for not well-trained user of SLM.

e Contribute to offline independent launch of GUI

C++SsLm | Cpptk Based
Core GUI
Write_to (file) Read from (file)

Fig. 4.3 File based communication

d. In-memory XML based
e A concrete C data-structure would allow easier data sharing.

e Overhead of XML maintainance.

e Complex environment setup.

C++ SLM Cpptk Based

Core —> GUI
Send_file (xml) Receive_file (xml)
[In-memory XML] [In-memory XML]

Fig. 4.4 In-memory XML based communication

Result of exploration : C++ data structures or file dumps to be used for sharing data

between cpptk based GUI and SLM Core.
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4.2  System Design

4.2.1 System Architecture

In the basic architecture, an overview of sub-systems visible to SLM users, is presented. It do

include the internal sub-systems of SLM. Once the SLM Core is initialized the SLM

Scratchpad layer will prepare all the information required for GUI sub-system and push it

towards SLM Data Exchanger. This Data Exchanger will only communicate with GUI

thereby making GUI isolated from SLM Core.

SLM Core

(Incrementally Built-Up

Memory Structure)

—

(Plugin Point for Old GUI)

Scratchpad

Mowve data towards SLM Data

Exchanger/

File Dumps

Through Function Calls

Simgui.exe
executes

LaunchGUI|)

File Dumps/SLM

Data Exchanger
(Populates its data structure)

Fig. 4.5 SLM basic architecture of sub-systemss

4.2.2 Layered View of SLM

After a proper study of SLM design we located the layers which will help in re-construction

of SLM Core. Fig. 4.6 shows the identified layers and the plugin points in the system.

Layers Ildentified

Old System New System
FlexPer: FlexPerf
GuI
communica SIM Core SI‘M Core
ti ith
SLW Core 7 2 5
SLM View Manager € Inserted
Manager *7
SLM View
Provider
E\I |7 ™~ Isolating GUI
— - C ————--%——— from SLM Core
SLM GUT SLM GUT

Fig. 4.6 Comparative Layered View of SLM
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Basically we added up many small hooks within the core, a crucial hook inside the SLM
View Manager and an isolating layer of SLM View Provider. A brief about crucial hook and
isolating layer is been provided as follows :

a) SLM View Manager : Init function act as function making arrangement for all
information required by SLM Exchanger based on function invoked. Function is
differentiated through its parameter : function_differentiator.

e Initwill make arrange for all the required data as per requirement.
e Function_differentiator will identify the functions where from the GUI is invoked.
(eg: Thinfo, ThView etc.)

/% Function vhich export data to exchenger
% Tt vill keep the data structure with it, populate it in consolidated waw.

¥ Exchanger will hewve a sinpler buffer structue to store data.,

% Tt will exqpose petfset functions to exchanger wvhich are directly accessible to GUI
#:j

int init{int function_differentiator);

Fig. 4.7 Hook in SLM View Manager

b) SLM View Provider : It acts as the layer responsible for isolating GUI from the SLM
Core.
a) Attributes: Set of attributes used by exchanger for communication and self

management are shown in Fig. 4.8.

lass SlmlataExchanzer

static D=
static bool

A it will contain conplete set of properties ~ieved from the SIM Core
SLHMCoreGuilataExchangeIntosSet : tMemorylata* dat

public:

SLMCoreGuillataExchangeInfoset : :Parameters* param;

Fig. 4.8 Attributes of SLM View Provider
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b) Container Data Structure

The subset of data shared with GUI is in form of C++ data structure. The handle to this
data-structure is shared by SLM View Provider with GUI. SLM View Provider populates
this data with the help of SLM View Manager, which pushes the set of information once

its initialization is complete.

+ 4

e
ikt d ikt _,(

LI'IS],gTEd short
wnsisned short
nsigned i
nsigned i
wmnsisned i
nsigned i

wmnsisned i
nsigned i

mem 3

Fig. 4.9 Current data structure for retrieved information

c) Behaviour

Methods used to access and populate exchanger interface are described in Fig. 4.10.

n dataset through it,
h, unsigned short mau, unsigned short

Fig. 4.10 Behavior of SLM View Provider
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Fig. 4.11 shows the SLM Data Exchanger related constructors and destructors.

SlnData

e Infoset : tMenoryData [Sons_Count] ;

Fig. 4.11 Constructors & Destructors for SLM View Provider

4.2.3 Overall Process Flow Description
» Assemble Configurations
* Done by Makefile related to Core SLM
* Prepare Core
* Initialize SLM Core in Co-Sim Mode
o Init()
* Prepare information required by GUI
» Initialize SLM View Provider and push data to help populating its data-
structure
» Share the data-structure with GUI and let it “BUILD-SELF”.
» Steps for GUI Building
* GUI Builds itself in three steps:

* Environment Checking :Finds required environment variables.

es initialized.
GUI_EMABLER™);

P set GUI_EMABLER environment variable to 1 for enabling GUI.YWn"s

us << T¥RX¥Ecception in initislization”;

Fig. 4.12 Environment Checking
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e GUI Starter :Initialize GUI Core Information.

n

core information for GUT Builder—--—-—----——-—-——-

BUIG1ohal Infole
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CoreInfo *GuilInfoHandle)

ption in building GUI

Fig. 4.14 GUI Builder
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Chapter-5
SLM GUI Test Suite Design

5.1 Design Decisions

In previous phase of explorations, communication architecture and implementation
technology, were the center of focus. In current phase, some design decisions related to data
sharing methodology and GUI testing methods, were taken. Given below is a brief account of
explored methodologies for GUI testing methods, our inferences, and the outcome of

exploration.

5.1.1 GUI Testing Methodologies
In this phase of exploration, we tried to construct a generic approach that can provide
effectively a solution to GUI testing for in-house projects. Thus, here are some approaches

which we explored and observed certain pros and cons.

* GUI Robo: But that may be subject to usability since the input file it takes as

interface description, may miss out on dynamically changing interface.

* Test Script: As the complexity of GUI system scales up, they fail to meet the
expectations. They require a lot of human intervention if the GUI is dynamically

changing.

* Model Based Testing: It can be a lot more efficient to handle the dynamic GUI
systems. Model-based testing can also contribute to eliminating defects in

requirement, and reduce typically manual design effort.

» Bayesian Model based: The assumption it takes regarding freezed source code, again

makes it non-adaptable to the dynamic perspective of interface layouts.
» Statechart Models: Specification model in terms of Statechart diagrams, and further

translating them to XML format. This can be effective in handling dynamic nature of

layouts.
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Result of exploration : We planned to introduce an approach able to handle GUI layout
dynamicity and a generic concept extensible to number of in-house projects. Thus,
wechose a combination of model tracking through ‘Binding Tables’ and generic test-script
through Cpp code.

5.1.2 Design Approach

The methodology revolve around the effort to allow the system to take important and
responsiveparticipation of responsibility once it is out for testing phase. Thus a development
strategy is being modelled that can facilitate easier testing automation. Basically, the thesis

try to cover GUI testing in three perspectives as depicted in Fig. 5.1.

Test Perspectives

Control-Base

Event-Based

Function-Based

Fig. 5.1 Three perspectives for GUI Testing [16]

A. CONTROL AND EVENT BASED COVERAGE

The term “control” refers to the layout components that can dynamically change with
unpredictable user-interactions and events. When any control is initialized, it get
registered with the “Binding Table” with certain set of attributes. It also contribute to

execute automated set of tests, and make troubleshooting while failures easier [16].

The “Binding Table” concept ensure that each dynamically added control, during interaction
of user with GUI, is being in the list of testing program. Whenever an event is invoked on a
control, certain function is performed. Is_update variable will act as indicator to the
completion of event testing for a particular control. It require very less effort for

implementation, as it adds is a single line call code to initializer function, which allocates
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memory and registers the controls [16]. We just need to overload the initializer function to
make it generic for any language. Pseudo code depicting Binding Table Structure is depicted
in the Fig. 5.2.

class BindingTableStructure
{
public
Table Size;
structure BindingTableEntry
{
control name;
registered_gvent_name;
control type;
BindingTableEntry child controls;
is_update;
bi
function registerEvents(std::string
control name, std::string label);
structure BindingTable
{
BindingTableEntry entry[1000];
bi
BindingTable getBindingTable();
Private:
BindingTable table;
}

Fig. 5.2 Binding Table Structure using pseudo-code [16]

Fig. 5.3 depicts brief log of Binding Table contents enabled during test mode operation.

Test mode activated----—----——-----—-—-

Control - .mbar.fl registered for event - command
Control - .mbar.vi registered for event - command
Control - .mbar.vi registered for event - command

Control - .tabl.home.view registered for event -
EventBinding: :gridLoader

Control - .tabl.home.move registered for
event - .tabl.home.result yview

Control - .tabl.home.movex registered for
event - .tabl.home.result xview

Control - .tabl.home.scrolltree registered for
event - .tabl.home.tree.yview

Control - .tabl.combar.go registered for event -
EventBinding: :bye

Control - .tabl.combar.move registered for

event - .tabl.combar.result yview

Fig. 5.3 Sample log of Binding Table contents [16]
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B. FUNCTIONAL COVERAGE

Functional coverage of system is ensured using a script of milestones for each function. Say
‘n’ functions are the features provided in the system, it will take approximately O(n) flags in
the script to be coded individually [16]. It is always better for a developer to keep a check on
tracking requirements while preparing a design so that, a reliable structure for test plan is
prepared by the time design document is finalized. It can also contribute to automated

execution of test-case generated.

Fig. 5.4 show the xml syntax in which trackers for every function and every branch of it can
be placed into a milestone-holder file. This file will later act as input to the function coverage
test module. This can also be maintained as an in-memory xml to save the complexity of file

operations. Basically dump_milestone() would be responsible to generate this file.

<Signature_By_Function>
<Tested> </Tested>
<Specific Input> </Specific Input>
<Updated> </Updated>
<branch_signature>
<Tested> </Tested>
<Specific Input> </Specific Input>
<Updated> </Updated>
</branch_signature>
<Signature By Function>

Fig. 5.4 XML format for milestone representation used to dump branch info [16]

Brief description of the fields in the syntax are as follows [16]:

1. Signature_By_ Function

It can take the value as any alias representing a milestone to a particular feature of the system.

It must be ensured that each function should be tagged with a unique milestone.

2. Branch Signature

It will place the milestone at each branch of a function. Branch includes all the choice-based

constructs of the function.
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3. Tested

It can take the value as 0 or 1, indicating if the testing has been done after latest update or not.
It will be set to 0 as soon as updated flag corresponding to it is set to 0.

4. Specific Input

Any special inputs to the branch if required for testing can be dumped into this field. It will

ease the test case generation of specific scenarios.

5. Updated

It can take the value as 0 or 1, indicating if a repeated testing of a function is required after

change in system state. It automatically set to 1 if the tested option is updated.

int Test_notify_milestone(string func, string branch)

int Update_notify_milestone(string func, string branch)

int create_milestone(string func, int test, <generic>)

int create_branch (string parent, string child_mile, int test, <generic>)
boolean is_mile()

dump_milestone()

Fig. 5.5 APl model associated with Functional Coverage Mechanism [16]

If not dumped in a file, the mile_stone_xml can also be directed into the test case generator

using xsd.

C. TEST CASE GENERATION

Test case generator is introduced to generate inputs automatically, and test all the branches of
function automatically. It ensures that no control fails the system under exceptional set of
inputs and no case-specific inputs are missed. It thoroughly checks each function with all
type of inputs including specific cases for the function under test are taken from the
milestone data-structure [16]. Good inputs can be supplied using boundary values and a
random value generator functions for each data type [16]. Functions can be tested for

exceptional inputs using out-of-bound values or garbage value generator to the function.
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5.1.3 System Architecture

The basic architecture of system is inspired by introducing helping structures during
develoment phase, so that systsem can be made more responsive in its testing phase. A
diagrametical representation to depict how those helping structures complement automated

testing process is given in Fig. 5.6.

Various components of layout
(Static/ Dynamic)

Memory Test Suite
Register Controls Controls are tested in a
depth-first manner, since
Binding Table indi :
: Binding GUI structure IS
— Table
Binding Table Entry hierarchical in nature.

Control_Name
Event_Name

DFS Traversal
on GUI where “.’

— Is_Updated
Is_Tested
Control_Type

is the root of
system.

Fig. 5.6 System Architecture for GUI Test Suite
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Chapter-6
SLM Test Suite Design
6.1 System Design

Any test case while running follows an order of execution. It takes RTL input from the
Verilog, VHDL codes, sends in the layout in elaboration phase, where SLM libraries are then
fetched in. Finally, a Co-Sim mode execution of design with software memory module is

being done. Runtime order of execution is shown in Fig. 6.1.

RTL Design with its appropriate
configuration file
{(Input is set of VHIDL, Verilog files)

Feed to ncsim/
ves/ modelsim

Elaboration €| SLM Library

\ 4
Simulation

Fig. 6.1 Test Case Run-time

A number of test cases for SLM are being worked upon. A basic design view of SLM Test
Suite is presented below :

Table. 6.1 Categories of test plans in the test suite

Categories of Test Plans

Access

Debug

Utility
Verification
Recording
Co-Verification
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6.2 Test Suite Structure

A basic structure of validation suite directory is presented below with their brief description:

a) References: Expected results w.r.t which the decision of tests are based, are defined in
this section.

b) Test Cases: A set of test cases for various type of memories in SLM, are defined in this
section.

c) Test Plan: A strategy to verify the system and deciding on its compliance with design
and much of regression testing strategy is defined in this section.

d) Platforms: The definitions of platform building files and their access is defined in this

Test-Suite Structure
l

Fig. 6.2 Basic Test Suite Structure

section.

Since SLM support a number of platforms, a few of them has been explored. SystemC and
VHDL/Verilog based platforms are used for running the test cases. Test Plan are designed in
C++ and HDL. Top level reference folder contain the benchmark for running logs, while
internal References log the actual running tests. A tree view of test is presented as a sample
for golden logs and actual running log.

References
|-- Adk
| -- GoldRun.log
"-- LDADFILES
|-- rom@.slm
|-- roml.slm
|-- rom2.slm
"-- rom3.slm
-- Assertion
|-- Assertion.dbi
|-- Assertion.dsn
|-- Assertion.trn
"-- GoldRun.log
-- Basic

|
|
|
|
|
|
|
|
|
|
|
I -
| -- GoldRun.log
|
|
|
|
|
|
|
|
|
|
|
|

__ CadenceVHDLFormat dlh12117{qgoels2}427 tree TestPlan/c++/access/AddrScram/Reference/
" -- LOADFILES TestPlan/c++/access/AddrScram/Reference/
Co- TP
| -- 1824x1.cdeIA |-~ AddrScran. Log
|-- 1824x2.cde [-- Phy@.sav
| -- 255x15.cde |__ thllsav
|-- sed_cmd
" -- vloghex2bin |" Sys.sav
-~ PhySysRW "-- Sysl.sav
"-- GoldRun.log
-- ReadWrite
*_- GoldRun.log 0 directories, 5 Tilss
Fig. 6.3(a) References-Golden Log Fig. 6.3(b) Reference-Runtime Log
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The runtime log is compared with Golden log and results are written to Compare.rep file. A
detailed view of test-suite, test cases and test plans is presented. Fig. 6.4. cover the major

components which constitute to form the test-suite structure.

f N
u Adk o Axis C++ nc-sc
¢ Access
_ «Common
— Basic - NcSim *Debug vhdl-basic
— *Recording
« Utility
—| PhySysRW —  Seamless «Verification
*Co-
- Verification
= Recording —J
ATV
HDL
- edRAM * Access
| | *Common
. *Debug
= ReadWrite « Utility
*Verification
- UtilServ

Fig. 6.4 Detailed Test Suite Structure

Fig. 6.5 covers the structure of Test Cases. It shows categories based on platforms over which

various test cases are supported.

— Strange Behaviour —!  Infinite Messages | Mixed ?\:rgulation
Axis Timing pThread Crash CPP Exceptions
Test-Case Test-Case Ncsim Crash

Memory Leak
Test-Case

— SLM Crash

FLI Generics
Test-Case

Fig. 6.5 Detailed Test Cases Structure
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Fig. 6.6 cover the specific test plans designed to verify the internals of SLM Core. SLM is

made testable in C++ and HDL environment. Basically C++ test plans are used in TLM mode

and HDL test plans are used in Co-Sim mode.

C++

-
Access

* AddrScram
*Basic
*DynamicMA
*PhySysRW
\. ReadWrite

e
Access

e AddrScram
*MemLoadMemory

Common

( . .
Coverification

* AddrSpaceRegistration
*NoMap
*Optim

«SystemAccess
\

*MemMaskRead
*MemMaskWrite
*MemRead
\*» MemSilent

— Common

ﬁ)ebug

CfcFli

Debug

e Assertion
*Ecc

*SysMemEventAssertion
* ThEventAssertions
CTbSnapshot

(Utility
*TbError

Recording

*Recording
«Serialization

(Uil ity
*Adk_Alias
*Adk_Java
eLicTest
*UtilServ
\°¢DRAM

(Verification

*Adk
«Callbacks
*VerfServ
*VlogFormat
e XPMFormat
\eElfFormat

*ThFunctions
[+ ThHelp

J

*EnhSysMemTbAccessFunctions
*SysMemTbAccessFunctions
*ThAddressSpace
*ThLoadMemoryRangeDirect

*ThMaskedWrite

J

*SysMemLoadEtc
*ThAccessFunctions
* ThEventAssertions
*TbhMaskRead
*ThReset

(Verification )

- J

Fig. 6.6 Detailed Test Plan Structure
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6.3

Test Case Description

In this section, some more test cases has been described briefly which have been a part of

system. These test cases act as various scenarious under which SLM is used. These differ

from others, in way that the test cases in test suite were testing functions, but these are test

cases for various environments under which SLM can be invoked.

6.3.1

6.3.2

6.3.3

BIST

Test Case Description

This test case is used to depict SLM validating correct run of 14N March algorithm

for BIST. For interactive debug we can use :

a. Memory Viewer.

b. Using TbRead and ThWrite at simulator prompt, these will have execute a back-
door access into memory i.e. it does not have any side effect in terms of time or

anything else but it will perform the read/write in memory.

eCallBackTest

Test Case Description

This test case aims at exhibiting usage of callback in SLM from "e" code. "e" code
provides stimuli to do some writes in the memory and at the same time it waits on
SImEvent to take place that gets triggered whenever there is any read/write action on
the SLM memory.

eReadWriteTest

Test Case Description

This test case aims at exhibiting backdoor read/write from/into SLM memory using

SLM external services like TbhRead and ThWrite. It also provides many scripts that

show how sIm can be linked with specman and Idv on 3 different ways:

a. creating a static executable using e code written in eapi.e provided with SLM.

b. dynamic loading of slm library into nc-specman executable using a dynamic
shared library.

c. loading both specman and sIlm dynamically into Idv.
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6.3.4

6.3.5

Controller

Test Case Description

This test case shows the usage of SLM validating a System containing a Controller
with some memories and capable of performing write and copy operations. Also it
shows how to integrate C/C++ functions (external to SLM) with SLM. Indeed that
features PLI (C/VERILOG) system tasks as well a CFC functions that do not belong
to the SLM scope. Since there can only be one libpli.so and libcfc.so (implicit load),
the different libraries would have collide in case implicit dynamic load is performed.
For instance, such a thing happens when other CAD tools are involved in the logic

simulation together with SLM components.

MemoryEvcTest

Test Case Description

It involves a BIST using 14N March Algorithm and single port memory. Along with
verfication it also shows the usage of SLM in a Verilog and VHDL mixed
environment. All BIST and Memory Models in this example are actual UNICAD

models and the methodology is going to be used by the BIST team.

These test cases are basically supported on multiple communication interfaces including pli,

fli, fmi and vhpi. Currently Bist and Controller are supported on ncsim, modelsim and vcs,

but others are currently supported on ncsim only.
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Chapter-7

Implementation and Results

7.1  SLM GUI & GUI Test Suite

7.1.1 Environment Setup

A systemetic view of setting up the environment has been adopted to make the system
extensible and adaptable to various changes. The setup is categorized into four sections as
depicted in Fig. 7.1.

GUI Build System Build

System Level
Memory

SLM Integration in Co-Sim

SLM Integration in TLM Mode Mode

Fig. 7.1 Various sections in SLM Environment Setup

1. GUI Build: This section will be responsible for individual build of GUI and
configuration related to integrate GUI with system level memory at run-time. Following
section depicts the environment variable setup and makefile configuration of GUI.

r, Makefrile (/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM) - GVIM&
Fle Edit Tools Syntax Buffers Window DrChip Help

TEaEae @ 9 D ¥« 3@ 4 0= @

DIRS} -1tk8.5 -1tcl8.5

& -DCUSTOM_FLAG -D__EMABLE_CPP_MAIN_ENTRY_FUNCTIOM__ &{INCLUDES

Fig. 7.2 Makefile for GUI Build
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fle Edit View Terminal Tabs Help

TLM_TEST_PLT x |Verilog X |temp X |SLM_NEW BUILD x| SLM GUI NEW % | Terminal % |SLM 6.0 lab x | Terminal X
d1h12117{goels2}3723:1s -1 A
total 2184

-fwW-r--r-- 1 goels2 spg 142 May 14 10:32 Component.cpp

-rw-r--r-- 1 goels2 spg 5631 May 12 10:34 DataDesign.h

-fw-r--r-- 1 goels2 spg 1576 Jun 4 10:05 Makefile

-rw-r--r-- 1 goels2 spg 0 Jun 8 16:26 Memory top plt.DATA memory 20615-06-08.16:26:56

-rw-r--r-- 1 goels2 spg 787 Jun 1 12:55 SlmCoreGuiDataExchanger.h

-rw-r--r-- 1 goels2 spg 3815 Jun 9 16:53 Status.log

-rw-r--r-- 1 goels2 spg 2639 Jun 9 16:53 Test Case.log

-rwW-r--r-- 1 goels2 spg 59613 Jun 8 15:05 \

-rw-r--r-- 1 goels2 spg 339864 Jun 2 16:39 cpptk.o

-rw-r--r-- 1 goels2 spg 316920 Jun 2 16:39 cpptkbase.o

drwxr-xr-x 2 goels2 spg 4096 Jun 2 16:57 doc

-rw-r--r-- 1 goels2 spg 2227 May 22 16:08 guitest.cpp

20554
L Lt 7
-rwxr-xr-x 1 goels2 spg 677186 Jun 4 10:02 1 gui,.so
STw-T--T-- 1 QOELS2 spg 1432 Jun 1 17:20 main_file.cpp
-rw-r--r-- 1 goels2 spg 13728 Mar 20 15:05 memoryl.txt
-rwxr-xr-x 1 goels2 spg 687856 Jun 9 09:46 slmgui
-rwxr--r-- 1 goels2 spg 61118 Jun 9 16:40 slmqui.cpp
-rw-r--r-- 1 goels2 spa 5576 Jun 8 17:47 slmqui.h

Fig. 7.3 Shared GUI Library

PP

a) GUI_ENABLER : Set the value to 1 for launching GUI, else gui will not be lanuched.

t GUI_ENABLER enwirorment varisble to L for ensbling GUI,\n";

Fig. 7.4 GUI_ENABLER Environment Variable

b) TEST_MODE :It is a macro definition based upon which the user mode and test mode

are differentiated at runtime.

Corelnfo *GuiInfoHandle)

n

tion in building GUT 0%

Fig. 7.5 Test Mode Macro Controller
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c¢) NEWGUI_COMPILE_ENABLED : If defined in sIm_compile_generic python script,
following configuration of variables is done in Makefile.
NEWGUI_INCLUDE_PATH
-1/data/SPG/users/goels2/tcl_file/ SLM_GUIl/install/ cpptk-1.0.2/
-1/usr/include/X11/
-1/swist_division/spg/ext_tools/systemc/2.3.1/systemc2.3.1/src/sysc/packages/boost/
-1/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM/

NEWGUI_LIBRARY_NAME

-1tcl8.5 —Itk8.5 —IsImgui

NEWGUI_LIBRARY_PATH
-L/data/SLM/install/TclTk8.5.16/lib/
-L/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM/

145 #BY_ ST VI Introduced tu integrate new DI c:l:lupllatll:n {1

146 o= .eny iron ["HEWEEN_COMPILE EHHE-LE]ZI"j e’

147 s.enwviron["NEWEEN EXE_ENABLED™] = “true”
145 orw iron [ TEST_MODE_EMABLED"] = “true™

Fig. 7.6 SLM Generic Compile Script for GUI Integration

NEWGUI_EXE_ENABLED
e If defined, following configuration of variables is done in Makefile
GUI_ENABLE =-DNEW_GUI_ENABLE

' if-.:iew_[ﬂmpILE_Er B
|_TNCLUTE_PAT

YEIEN _L IERARY N
NN L TBRARY

|EXE_ENAE
.LE = ~INEW_GUT_ENABLE

Fig. 7.7 SLM Makefile Script for GUI Integration
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» CUSTOM_FLAG
e It is a work around to support certain non-available features in cpptk library. The

change is made in cpptk.h file.

tenplate Lperan
i

Fig. 7.8 Modified header file cpptk.h

» TEST_MODE_ENABLED
e If defined, following configuration of variables is done in Makefile
TEST_MODE =-DTEST_MODE

2. System Build : This section will be responsible for build of complete SLM, whose set of

shared libraries can further be used further in ttm_mode and co-sim mode.

Makefile.in = (/data/SPG/users/krishnak/projects/3_SLM/FOR_SILVI/sIm_package_20150505/sIm_trunk/src) - GVIM7

File Edit Jools Syntax Buffers Window DrChip Help

@& 9 9 D ¥ « G ® D= B

printf build +:END ==

Fig. 7.9 SLM Build Makefile
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3. System Integration in TLM Mode

tim_config.pl -noktmp —pkE_totﬂs=/sw/st_d1‘vw‘sion/spg/spg_toﬂs/SPG_SOSB/lﬂd/pk%_mo]s,fa.d,.9 -key=/su/st_division/spg/pkg_key3. txt -
key=/sw/st_division/spg/pkg_key_dTh_license.txt -key=/data/sPG/users/qoels2/tcl_file/SLV_GUT/Integration/SAND. SLM.TRUNK?setup/ﬂm_key.txt -
ob]=/sw/st_tivision/spg/spg_tools/sPG_AUTO_INSTALL -obj=/sw/st_division/spy/spg_tools/sP6_s0s3 -
ob]=/data,f5PG/user5/EtleTszatd_fﬂe/SLM_GUI/IntegraU‘un/SAND.SLM.TRUNK -

0b]=/data/spG/users/! M‘shnak/ﬁlrojects/B_SLM/FOFLSILVI/ﬂm_package_ztllsoSOS/INFRA_OBJECTS/ -
obj=/data/sPG/users/qoels2/tcl_file/SLM_GUI/Integration/SAND. SLM. TRUNK/setup -
dp=/data/5PG/users/qoels2/tc]_file/SLM_GUI/Integration/SAND. SLM. TRUNK/setup/s Tn_dp. txt -
prefix=/data/sPG/users/qoels2/tc]_file/SLM_GUI/Inteqration/SAND. SLM. TRUNK/setup/BUILD_SLM_TEST_PLT PLT sIm_test_plt -with-USE_SLM=1 -with-SLM=1 -with-
SLM_BITS=64 -with-SLM_HOME-version=6.1.0 -with-

SLH_HOME=/data/sPG/users /krishnak/projects/3_sLM/FOR_SILVI/sIn_package_20150505/s1m_trunk/distrib_package/ddnmyyyy_optimized -with-CHP-tac_memory-
version=2,11.3 -with-BLD-pkg_tools-version=3.4.9 -with-Dvk-comnand_1ine_manager-version=3.0 -with-EXT-syc-version=3.3.24 -with-EXT-tIm_standard-version=2.3
-with-EXT-cc-version=3.3.15 -with-CFLAGS=-DUSE_TAC_MEMORY -with-BLD-tIn_infra-version=3.5.10 -with-PRT-tIn_synchro-version=3.7.1 -v

Fig. 7.10 TLM Mode Configuration for SLM

4. System Integration in Co-Sim Mode

tlm config.pl —noktmp -

pkg tools=/aw/st division/spg/spg tools/SpPE S083/bld/pkg tools/3
-4 —key=/data/SPG/users/goel=s2/lab2/key plt.txt -

key=/sw/at division/spg/pkg key3.txt -

key=/sw/st division/spg/pkg key dlh license.txt —

obj=/sw/ast division/spg/st tools/stbus genkit/5.5.4 —
obj=/aw/at division/spg/spg tools/SPG SC0S HOTFIX —
obij=/data/SPG/users/goel=s2/lab2/objects —

obj=/aw/at division/spg/spg tools/SPG RUTC INSTALL —
obj=/sw/st _diwvision/spg/spg tools/SPG _S053 -
obij=/data/SPG/users/krishnak/projects/3
_SLM/FOR_SILVI/=slm package_ 20150505/INFRL_ OBJECTS -
dp=/data/SPG/users/goels2/lab2/DP_demo.txt —
prefix=/data/SPG/users/goels2/lab2/build plt PLT top_plt —-v —
prefix=build plt

Fig. 7.11 Co-Sim Mode Configuration for SLM

7.1.2 Logging Facilities

1. Test_Case.log --- It log the pass and fail status of test cases.

.Applications Places 5System %

Test_Case.log (/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM) - GVIM12
File Edit Tools Syntax Buffers Window DrChip Help

TEHE & 9 9 D ¥ » « BE® 4 009 8

Fig. 7.12 Test_Case.log
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2. Status.log --- It log the flow of program execution.

i.cpp:

Jmbar
- .nbar.vi
- .mbar.vi

- .nbar

Fig. 7.13 Status.log
7.1.3 Execution Screenshots
1. SLM Graphical User Interfaces
Fig. 7.14 shows the main screen of GUI which shows the list of SLM Memory instances

in memory.

M Appications Flaces System Gy V2 1138 am G
a
gle Edl | File view

~lol[=]] =l

TLM_TES[| Home | SimUssrapl | Sim Help | LM 6.0 ® |Terrninal ®

obasnss||| Hierarchical View Enabled ~

nesims ||| . Memory-instances
address tep_plt DATA_memary | | @ I top_pit DATA_memary I
-

Mexadec sc_main.top_plt.demo_csw_inst_0.demo_inst_0.slave_M0
O BOB8E =c_main.top_pit.dem:

Minary
Bhoenas

nesins
Address
Hezadec
0086609
Binary

CELELEE

nesims
Address
Mexadec
BxBB00T,
Binary

CIEREET

nesins
Address
Mexadec
BxBO0ES.
Binary

Abaoae

nesime
Address
Hoxadec
8x08087
Dinary

ebosnes| ||

nesin= cf
Addrass:|
Mexadec 1]
8x0988bbcC

Binary radix:
AbESERGEAGROADESRA1E11161111601108

s€_main.tap_pit deme_csw_inst_0 demo_inst_0.slave_M0

ncsim= call TbAddEventAssertion top plt.DATA memory READ WARNING ©x04 0x08
nesim= eall ThSave top plt.DATA memory dump.init 8x0 8x38
nesine []

- & vim(7) o sLMED [SystemdC Si... [Tachnical M... [Fechmical N... [SLM Home -... | 2 FlaxPer2 Re... |[ O3 stM G ] L

Fig. 7.14 Splash Screen
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Fig. 7.15 shows the main screen of GUI which shows

instance in memory.

M Applications  Places  System

the properties

of SLM Memory

V2 1138 AW B

Fig. 7.15 Tblnfo Screen

= o= =
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Froperty View Enabled =]
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+ Memory-instances [
. Y [euical Hane - top pLE.DATA memory
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epth t 6T 10RAGL
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oy @
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Memory Type H Physical Memary
necsims c wi i
Addrass: k] -V
1| 1op_plt.DATA_memary
Binary radix:
16111681111881108
nesims call ThAGMEventAssertion top plt.DATA memory READ WARNING Bx04 Bx08
ncsim= call ThSave top plt.DATA memory dump.init Ox0 8x38
nesie= [ B
(@] [ 18 vim () | @ sims0 Jl & tsystemc si.. || & rTechnicaim.., [ £ ¢ teo. || 8 (stM Home -, || B Flexper2 Re... |[C3 st o T EI e

Fig. 7.16(a) shows the mapper interface of GUI which allow the SLM Internals to be
directly invoked through GUI in Co-Sim & TLM Mode. In current snapshot, TbHelp is

mapped.

M Applications Maces System 8 VP 1138 AM @
] SLM GUl ~lalx|
e Ed :
Tum_TES [l |prmso % Terrminal *
onooson (=
ncsims
nadress| WAEGIN: Categories
Hexadec|
axtaons| @UECTH Debug ¢ funetiens for memary VIBUGr, AVART ASSErtions, mamary browser
Binar
¥ Woetug Functions
nesim= |lecsarissnsnrisans  Catagory DeSCription STarts ssesssrssssssssss
Address|
Hexadec| [lles Nama «*
Debug
Binary
Buoseco| " Usaer o
functions for memory viewer, event assertions, memory browser

ncsim= | e perail Description »=
Address| Thesa provide tha Services WRLEh halp in making gabugqing asier.
Hexadec) These include services for wsing Assertions. memory viewer ¢tc
BxO8060

eissssisissssies Category Description Starts +ressssssssssssssas

Thialp {
Binary

Displays information about various functions available with the user
nesims ||| Mo Arguments
Binary

: i

nesims o ]
Address:| |"‘"|
LECLLLLTES
Dinary radix:
BhoG6A0AGAROAERAGA1A11101111081108 ~
ncsim= call ThAddEventAssertion top pll.DATA memory READ WARNING Oxod Oxos
nesims call ThSave top plt.DATA memory dump.init Bx8 038
nesime |
& [ vm | s e | tsystemc si.. || rTecnnicain... || [Technicai N... || 8 (1M Home -... || 39 FlaxPerrz Re... || sLm o | ZI I ©

Fig. 7.16(a) Function Mapper Screen-1
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Fig. 7.16(b) shows another mapping where record of parameter types is also maintained.

i i Applications Places Systemré 7-’”’\0'2711.33 AM ?ﬁ

ISICIES

File View
Home | Simuserapi | Sim Help | 5LM 6.0 x [Terminar

rgument-3 type: double value

rgument-1 type: int
rgument-2 type: int

ncsdm> cf [T |
Address: L\J = I/

8xB8686bbcc
Binary radix:
1811101111601188 L

ncsim> call TbAddEventAssertion top _plt.DATA memory READ WARNING 6x84 8x88
ncsim> call TbSave top plt.DATA memory dump.init 8x8 6x38
ncsims

@ [ @vmm = sme0 | = tsystemcsi... || © rechnicain... | [TechnicalN... |[@ [SLMHome -... || § Flexperr2 Re... |7 stM Gul =] [ [ | §

Fig. 7.16(b) Function Mapper Screen-2

Fig. 7.17 shows another feature of offline SLM Help which is still under development.

M Applications  Places  Systemn VD 1140 aM &
|=l{m]2]
File  View @
Home | Simuserapi | Sim Help | BLM 6.0 x | Terminal x
Al A i o
- Help Criteria |
| = FunctlonCategories |
utility
Recording
Debug
System
Co-Verification
| = ContextSupport List |
Verilog_testbench
VHDL_testbench
nesim_console
mti_console
axiz_console
nesims ¢ =
3 kT
Address:l |
Bx8088bnbcC
Binary radix:
HhBBREENE0EBDBI0A01811161111681108
nesim= call ToAggEventAssertlon top plt.DATA memory READ WARNING 8x84 8x88
nesims call ThSave top plt.DATA memory dump.init Ox0 8x30
nesim= [] u
(@] (18 vim (1) [ sims0 | isystemc si.. || (Technicai .. |[ © [Tecnnicatn... || @ [SLM Home ... || 82 FlexPerr2 Re... |1 sim ol B [ T |3

Fig. 7.17 Offline Help [In process of development]
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Fig. 7.18 shows memory buffer of SLM instance. Here in display the buffer of memory

‘sc_main.top_plt.demo_csw_inst_0.demo_inst_0.slave_MQO’ is displayed.

- BLM LU e
Bile B A i i
| TLM_TES
[ File View
Home | Sim
| Mode Displ o
e e Display Dump
| o search Claar Next Dump Instance Background Calor
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IEEDT oovooooo HHHITH weaanaa s Bnaaoaa b BEoOEad 7 BRBBEEa
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|¥1ze BEBHRHID CEEEERRT] CEEEEELT] BEBEE
000¢ ili] [elelelelelele]
| . CEEEEEEE] PEREELE
|size~~= BABGAHG
0000000
[leleleleleldc [elelelelelele)
|Eizen== 00080000 00000000 00EE000
| aaaaaaan aEEOEEEE
00000008 00090008
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|siza=== @ /0000008 06000 oLet: GEEEEEG
BOBHH 160 Taaanang aanauaan BOeEHEE [t
00000110 O 00000000 QOO06060 i IBO
BeOB120 Baeaee asaauaan aEa0EAAE
80000130 00000000 [lEleleTeTeTeTe]
BEORE1AD aEEEEEen
00000150 00000000 00000000
00000160 00000 00000000 0000000
Ge600170 00000080 BOAAHOHEA Llelelelelelelc) [eleTelelelele
0000180 00000000 00000000 00000000
BEO6E 1 oEanEaan
B00001a0 10000000 00000000
BEO6O1bE 1 aEEEEaEE
[e0001co 00000000 20000000
0e0001dE HO80000Y 0E00U00Y QUEEEHEE
(clcleleleh T o 80800000 [alaTaTelalal aleleleleleleley
06000170 60000000 PO00000E ,
|Siza~nn| 5c_main.top
|s1ze~== s12
o] | B0 semo || (Syst... | [Tac... | [Tac... || @ (sum... || & simg... [bac... % [Du | & cppt... linra ... | O3 sum .

Fig. 7.18 Memory Grid

Fig. 7.19(a), 7.19(b) and 7.19(c) show the runtime logs of simulation in GUI mode. Fig.

7.19(a) shows various stages in GUI initialization.

M sppiications  Flaces Systern V2 s0amm @

Ble Edt Jools Syntax Quffers Window Drchip Help

TER® %9 D % ¢« @ 4 0= @B

1 completed

Fig. 7.19(a) GUI Running Log-1
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Fig. 7.19(b) and Fig. 7.19(c) show the logs of Binding Table when operated GUI
testing mode.

M Applications  Places System % V0 3.03em &

Status.log + (/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM) - GVIM

Fle Edit Jools Syntax Buffers Window DrChip Help

DEHBESG 9 9 D e« BED 409 B

Nard] B

Hone

Hone
Hone
Hone
Hone

- Mone

help.n

hl,help.n

|| @ stmeuinew || © [systemcsi... || @ [TechnicalN... | © [TechnicalN... || @ [SLM Home -... || (] SLM GUI || 8 Memory nst... || § statusiog + ... | 18 &

Fig. 7.19(b) GUI Running Log-2

Applications Places System &

Test_Case.log (/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/GUI_SLM) - GVIM12
File Edit Tools Syntax Buffers Window DrChip Help

EHdE & @ 9 D ¥ » « | BF® 429 88

Fig. 7.19(c) GUI Running Log-3
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2. SLM Build

Once GUI is build independent of SLM, SLM Core need to build too. The resulting libraries
will thus be used during elaboration phase to access SLM Services. Fig. 7.20(a) and 7.20(b)
shows build process terminal and resulting set of libraries.

.Appli[at\uns Places System % V@ 6:33 PM @

SLM_NEW_BUILD o x|

File Edit View Terminal Tabs Help

TLM TEST_PLT *x IVer\Inq X Itemp x ‘SLMJEWiBu\LD x |SLM GUI NEW x }Termma\ x ISLM 6.0 lab *x ‘Termma\

1m_package 20150585/s1lm_trunk/src/../distrib_package/ddmmyyyy optimized/includes/.

1n -s ../../../includes /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_281585085/slm_trunk/src/../distrib_package/ddmmyyyy opt
imized/linux/4.1.1/64

cp -rf /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM _Lib/slm_package_201585085/slm_trunk/src/cpp/targets/C_Function Tables/pli.tab /data/SPG/u
sers/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_20158505/slm_trunk/src/../distrib_package/ddmmyyyy optimized/includes/.

cp -rf /data/SPG/users/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm package 20156585/slm_trunk/src/java/quiClient/ResultViewer /data/SPG/users
/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm_package 201508505/slm_trunk/src/../distrib_package/ddmmyyyy optimized/linux/tools/64/fperf/bin/.
cp -rf fdata/SPG/users/goels2/tcl Tile/SLM GUI/Integration/SLM Lib/slm package 28158585/slm_trunk/src/java/guiClient/* /data/s

PG/users/goels2/tcl_file/5LM_GUI/Integration/SLM_Lib/slm_package_20150585/slm_trunk/src/../distrib_package/ddmmyyyy optimized/linux/tools/64/fperf/bin/

cp -rf /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_28158585/slm_trunk/src/../packaging/* /data/SPG/users/goels2/tcl_file/SL
M_GUI/Integration/SLM_Lib/slm_package_20150505/slm_trunk/src/../distrib_package/ddmmyyyy_optimized/.

cp -rf /data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm_package 20158585/5lm_trunk/src/../examples/README /data/SPG/users/goels2/tcl fil
e/SLM GUI/Integration/SLM Lib/slm_package 20150585/slm_trunk/src/../distrib_package/ddmmyyyy optimized/examples/.

cp -rf fdata/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_2081585085/slm_trunk/src/../examples/* /data/5PG/users/goels2/tcl_file/SLM
_GUI/Integration/SLM_Lib/slm_package_20158505/slm_trunk/src/../distrib_package/ddmmyyyy optimized/examples/.

cp -rf /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM _Lib/slm_package_201585085/slm_trunk/src/vhdl/* /data/SPG/users/goels2/tcl_file/SLM GUI/In
tegration/SLM_Lib/slm_package_20150505/slm_trunk/src/../distrib_package/ddmmyyyy_optimized/rtl_vhdl/.

cp -rf /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_201585085/slm_trunk/src/../temp build/release/64/jar/slm/slm.jar /data/SP
G/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 28158585/slm_trunk/src/../distrib_package/ddmmyyyy optimized/linux/tools/64/fperf/plugi
ns/.

======================= Mlake prepare_release_package: Complete

prepare tation

cp -rf /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM _Lib/slm_package_20158585/slm_trunk/src/../distribdoc/* /data/SPG/users/goels2/tcl_file/S
LM GUI/Integration/SLM_Lib/slm_package 20158505/slm_trunk/src/../distrib_package/ddmmyyyy optimized/doc/.

Calling doc format converter script...

/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM Lib/slm_package 20150505/slm_trunk/src/../distrib_package/ddmmyyyy optimized/doc/convert.csh /d
ata/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 201585085/slm_trunk/src/../distrib package/ddmmyyyy optimized/doc/.

cd to folder: /data/SPG/users/goels2/tcl_file/5LM GUI/Integration/SLM_Lib/slm_package_20158585/slm_trunk/src/../distrib_package/ddmmyyyy optimized/doc/

/data/sPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM Lib/sim_package_208150565/slm_trunk/distrib_package/ddmmyyyy optimized/doc /data/SPG/users/goels
2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_28158585/slm_trunk/src M
Converting DOC-to-PDF --> ./technical notes/TN AdvancedSystemMemories.doc
Converting DOC-to-PDF --» ./technical notes/TN CosimBackdoorAccess.doc
Converting DOC-to-PDF --> ./technical_notes/TN_SpecmanInterface.doc
Converting PPTX-to-PDF --> ./training/training.pptx... ml
Post documentation clean up... Begin

Post documentation clean up... Complete

/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 20158505/slm_trunk/src

rm -rf fdata/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 28158585/slm_trunk/src/../distrib_package/ddmmyyyy optimized/doc/convert

(@ ] rsyst. ) © (rec... || O rrec... [ @ (stm... || wem... | i Scra... | § Scrat... | 98 simg... || Mak... || cppt... | 7 Make...) U8 Make.
Fig. 7.20(a) SLM Build Terminal Output

@ oI

I I
d1h12117{goal52}1229:15 ../distrib_package/ddmmyyyy optimized/linux/4.1.1/64/ H
bin/ includes@ lib/ plugins/
d1h12117{goels2}1229:1s ../distrib_package/ddmmyyyy_optimized/linux/4.1.1/64/1ib/
cve/ sim/ slm_core/ veloce/  zebu/
d1h12117{goels2}1229:1s ../distrib_package/ddmmyyyy_optimized/linux/4.1.1/64/1ib/slm_core/
libFP2core-2.3.0.50* libbfr-4.0.1.s50% libdcapi.so* libfw-2.5.0.50% libsdi2-sst2-gcc_4.1.50*
1ibFP2core.a libbfr.a libdrapi.so* libfw.a libsdi2-ss5t2.508@
1ibFPZcore.so@ libbfr.so@ libdwapi.so* 1ibfw.so@
d1h12117{goels2}1229:1s ../distrib_package/ddmmyyyy optimized/linux/4.1.1/64/1ib/
cve/ sim/ sim_core/ veloce/  zebu/
a1h12117{goels2}1229:1s ../distrib_package/ddmmyyyy optimized/linux/4.1.1/64/1ib/cve/
libcfc,so* libfmi.so* libpli.so* libslm. so* libslm mtifli.so*  1libslm_nc.so*
libcfc_bootstrap.so® libfmi_bootstrap.so* 1libpli_bootstrap.so* libslm_mti.so* libslm mtipli.so*
d1h12117{goels2}1229:1s ../distrib_package/ddmmyyyy optimized/linux/4.1.1/64/1ib/sim/
libcfc.so* libfmi.so* libpli.so* libsim.so* libslm axispli.so* 1libslm mtipli.so*  libslm vhpi.so*
libcfc_bootstrap.so* libfmi_bootstrap.so* libpli_bootstrap.so* libslm_axisfli.so* 1libslm_mti.so* libslm_nc.so*
1ibfli.so@ libmtipli.so@ libslm.a libslm axismti.so* libslm mtifli.so*  1ibslm vcspli.so*
d1h12117{goels2}1229:1s ../distrib_package!ddmmyyyy_optimized/linuKM.1.1/54/11b/51m!lib[|

Fig. 7.20(b) Set of SLM shared libraries
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3. TLM_Mode
Fig. 7.21(a) and 7.21(b) shows the SLM run in TLM Mode, i.e., purely C++ environment.

Fig. 7.21(b) TLM Run-2
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4. Co-Sim Mode with ncsim
Fig. 7.22 shows the SLM run starting in Co-Sim Mode, i.e., purely mix HDL/C++
environment. In Fig. 7.22, the simulator used is ncsim, and it is started on remote server

through Isf in GUI mode. Fig. 7.23 is the actual ncsim interface to be operated.

M Applications Paces System 8

Eile  Edit  Miew Jer al Tabs  Help
RMEW_SLM_GLI »* ISI.M_BUII.D_IS_May * ]TW_TEST_PI.‘I‘ * lvenlug = ]andng_ﬁlexperf = ]temp

nesim= call TbSave top plt.DATA memory dump.init 0x6 0x38

ncs ims

ncsim= txe(G4): 14.10-5005: (<) Copyright 1995-2015 Cadence Design Systems, Inc.
simvision(64): 14.10-5005: (c) Copyright 1995-2014 Cadence Design Systems, Inc.

---- End of simulation ----

top_plt.demo_csw_inst_0.stbus_timing_random Tl inst ©: Destructor called
top plt.demo csw inst 8.bca sthus2tac generic bfm Tl inst 8.bca stbus2tac generic bfm Tl inst
or called
top_plt.demo_csw_inst_0.bca_stbus2tac_generic_bfm_T1l _inst 0.bca_stbus2tac_generic_bfm_T1l_ins1

1 inst B C2P P2C: Destructor called
top_plt.demo_csw_1inst_©.axi_timing_random_inst_@: Destructor : axi_timing_random called
top_plt.demo_csw_inst_©.tac2bca_stbus generic bfm T1 inst O.tac2bca stbus generic_bfm_T1l_ins1
ar called — B
top plt.demo csw inst 8. tac] cadence [ric brm T1 inst
1_inst_®_P2C_PZC: Destructor called
top_plt.demo_csw _inst_0.bca | | bfm_inst_©_STE
led . eha Tneel ot Simulation Analysis Environment P
op_plt.demo_csw_inst_©.bca | - P | bfm_inst_@_
top_plt.demo_csw_inst _0.axi_timing_random_i S""‘hs"}n(ad) 14.10-s005
top plt.demo csw inst @.tac | aading user preferences...
top_plt.demo_csw_inst_@.tac S | bTm_inst B _TAC
| 054, 510,50 6,60, 5 ANT, P04, 7,008,007, 424,700,
top_plt.demo_csw_inst_O.tac] ' BRSO B 1SS PEN % B, ST | btm_inst_o_pP2c
top plt dema csw inst 8.singleshotdriver ind (T A T ) L TS, T P T D SR T
top_plt.tac_generic_native B thars At Hae it Sriar AT ire et
top_plt.verif COB_in_inst_0 —oescroctor—csrreT
ton olt verif COR out inst &: Destructar called

Fig. 7.22 Ncsim GUI Initialization
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ncsins
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TSI Catl TUSEVE 0P PLL.UATA MENUTY UONp. ITIT UX0 U3
ncsim> 3
ncsim> txe(64): 14.18-s5885: (c) Copyright 1995-2015 Cadence Design Systems, Inc.
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Fig. 7.23 Ncsim Design Browser
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Fig. 7.24 shows the SimVision Console in ncsim, through which SLM Services are invoked

from tcl prompt.
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\1b | Ol [0 I:op_p].t Esc_routar_inst_0 HapExg.e t. tas_router_inst 0. msp" loedea T 0700000
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ncsins eall ThlLoad top_pl.t DATA_memory slm. init SLM_HEX
ncsins call ThView top_plt DATA _memory 00 Dx30
ncsiny call ThiInfo
ncsins |
] T =

Smvision  simulator |
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Fig. 7.24 SimVision Console

Fig. 7.25(a), Fig. 7.25(b), Fig. 7.25(c) shows memory registration, access to SLM Services,

and GUI access in Co-Sim mode, respectively.

Applications Places System VP 11:38 aM B
S5LM © B
Ble Egn yew Jerminal Taps Help §
I‘n_M_‘l'!ST_M_‘F = |wmog = [ump = XSLM_N!wJLl.n = lSI.MGLIN!W = ]'nrmlmt = ]slﬂ 5.9 x ]SLM 60 = | Terminal =
Info: Time resalution set to 1 ns =2

Infe: Maximum transaction number = 208608

Info: Random Time Generator Sced Value = @

Platform C
STBUS_TIMING RANDOM T1 creation: top plt.demo csw inst 8.stbus_timing random Tl inst @
WARNING 111 Mo "timing:stbus type" section in XML string

WARNING !!! “timing:stbus_ type” sel to default (3)
STBUS Slave creatlion: top_plt.demo_csw_1nst_0.bca_stbusZtac_generic bfm T1 inst_0.bca_stbusZtac_generic_bfm TL1_inst_0_STBUSZTAC GENERIC

_orm
stbus meniter creation
STBUS Slave creation: top plt.demo esw inst O.bca stbus2tac generic bfm Tl inst @.bca stbus2tac generic bfm T1 inst 0 C2P._bea stbus2tac
_generic bfm T1 inst 0 C2P_P2C
STOUS PACKETZCELL T2 Creation: top plt.demo 5w inst O.bca stbus2tac generdc bfm T1 inst 0.bca stbus2tac generic bfm Tl inst ©
 C2P.bca stbus2tac generic brm Tl inst © C2P P2C (stbus cellZpacket T2)
top plt.demo _csw inst 8.bca stbusZtac generic bfm T1 inst 0.bca stbus2tac generic bfm T1 inst ©_C2P.bca stbus2tac generic bfm T1 inst © C2P CONV T1 T2:
instantiated !
AXT TIMING RANDOM craation: tnp plt.demo_c
Component Creation: top plt.demo
top_plt.demo csw_inst 8.tac
WIRE Slave creation: reset
WIRE Slave creation: reset
STBUS Slave creation: top plt.demo _csw_inst @.tacZbca_stbus_goneric_bfm Tl inst_8.tac2bca_stbus_gencric_bfm Tl inst & TACZSTBUS GENERIC

inst 8.ax1i Timing random inst 8
ingt @.axi to tac inst 6.axi to tac inst 8 timstdZ To Tac (tlmstd2 to_tac?)
a_stbus_generic bfm Tl inst 8.51g To wire _conv: signal to wire ada created

=BEN )
TACZSTBUS_BFM BASE Creation: top plt.demo csw 165t B.tac2bca stbus generic BTm T1_inst B.tac?bea stbus _generic bfm T1 inst @ T
ACZSTBUS GENERIC_BFM (tac2stbus bfm_base)

STBUS Slave creation: top plt.demo csw inst B.tacZbca stbus goneric bfm T1 inst B.facZbca stbus genoric bfm T1 inst 8 P2C.tacZbca stbus
_generic bfm T1 . anst _9_P2C_P2C
PACKETZCELL T2 creation: top plt.demo csw inst _8.tac2bca stbus generic brm Tl inst 6.Tac2bca stbus_generic bfm T1 inst & P2C.tac2
bea stws_qonorlc_nu 1_1nst_8_PIC P2C
top_plt,demo csw inst 8.Tac2bea stbus generic bfm Tl inst ©.tac2bca stbus generic bfm T1 inst 8 P2C.tac2bca stbus generic bfm T1 inst @ P2C_CONYV T2 T1:
Anstantiated !

STBUS Slave creatlon: top_plt.demo csw _inst 8. bca stbusZtac_generlc bfm_inst B.bca stbusZtac_gensric_bfm_inst_0_STBUSZTAC GENERIC_BFM
STBUS Slave creation: top_plt.demo _csw_1nst _0.bca_stbusZtac_generic bfm_inst_B.bca_stbusZtac_generic bfm_inst_o_CzP
STBUS_CELLZPACKET T3 Creation: top_plt.demo_csw_inst B.bca_stbus2tac_generic_bfm_inst _8.bca_stbus2tac_generic bfm_inst 8 _C2P
AXI_TIMING RANDOM creation: top plt.demo csw inst @.axi timing random inst 1
TAC Slave creation: top plt.demo csw inst 0.tacZaxi inst 8 (tacRaxi) -
WIRE Slave creation: reset
WIRE Slave creation: reset
TAC2AXI BFM Creation: top plt.demo csw inst @.tac2axi inst @ (tac2axi)
top plt.demo _csw inst @.tac2bca stbu ,_inst ©.s1g to | 1!

(@) (W stmen] © isyste..| © rteen.. | © (Tech.,. || @ rsim .. [ remp.., || 158 (stm_.. || 45 15, | 1 Daun.,, |45 tsiory.. | 43 (Punc... [ 18 simu

Fig. 7.25(a) Ncsim Simluation using SLM-View 1
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‘App\lcatmns Places System %

Fle Edit View Terminal Tabs Help

Ve 329 G

** Contexts Available **
verilog testbench : to use SLM services through verileog code.
vhdl_testbench : to use SLM services through VHDL code.

=

ncsim_console : to use SLM services at ncsim simulator prompt(conso
mti_console : to use SLM services at modelsim simulator prompt(co
ves_mx_console : to use SLM services at axis simulator prompt(consol

axis_console : to use S5LM services at axis simulator prompt(consol
ncsim> call TbHelpl]

le).
nsole) .
e).
e).

NEW_SLM_GUI x ITLMiTESTiPLT x }Vemog x ‘Wnrk\ngj\experf x ‘tamp x }F\axperfﬁﬁu\j 10 x }SLMquLD?E?May x
ncsim= call TbRead top plt.DATA memory 0x9
Address:0x9
Hexadecimal radix:
0x0000eeff
Binary radix:
1110111011111111
ncsim= call TbRead top plt.DATA memory OxB
Address:0xb
Hexadecimal radix:
0x80001122
Binary radix:
lee01ee1eee1e
ncsim= call ThSave top plt.DATA memory dump.init 0x0 0x3@
ncsim> call ThGetID top plLt.DATA memoryj
ncsim: *E,CFCNOF: Task or function name "TbGetID" not und.
ncsim> call TbHelp
How To Proceed
1. Give First argument as -h to know the possible usages of help command
2. Can use this for getting help on any
Function
Error Message
Context
Category
Just Give the first argument as the search string for any of the above
** Categories Available **
Utility : miscellaneous lower added value functions
Verification : functions for verification purpose callable from simulator prompt or HDL
Recording : functions Tor handling SDI2/DBI/Console recording
Debug :  functions for memory viewer, event assertions, memory browser
System : system memory registration and definition functions
Coverification : cpu and address space registration, mapping and optimization settings

[@] [ working... || 7 (Datape... || wm_toc... |[ 8 work_st... ||  Makerie... | 7 scratcn... | 7 (READM... || sim_co... |[ T4 muid_si... |5 Fexperr... | (&

Fig. 7.25(b) Ncsim Simluation using SLM - View 2

@ Applications  Places System @&

Eile Edl| File View

Ve 11:38 AM &

5% BB

[=)[=)(x]

TLM_TES | Home | SimUserapi | Sim Help |

Hierarchical View Enabled

ELM 6.0 x Terminal

ncsim= ||| | Memory-Instances
Address top_plt.DATA_memory # top_plt.DATA_memory
op_plt.dem #

Binary

ncsim>
Address|

Binary

ncsim>
Address|

Binary

ncsim>
Address|

Binary

ncsim>
Address|

0x00007
Binary

sc_main.top_plt.demo_csw_inst_0.demo_inst_0.slave_M0o

ncsim= ¢

Add :
ress sc_main.top_plt.demo_csw_inst_0.demo_inst_0.slave_M0

8x0088bbcc
Binary radix:
1011161111601166

ncsims call TbAddEventAssertion top_plt.DATA memory READ WARNING 0x04 0x08
ncsims call TbSave top_plt.DATA memory dump.init 0x@ 0x38
ncsim= []

[e@]-[ vim ) (& s 6.0 |~ isystemCsi.. [ [TechnicalM... |[ -

[Technical N... ]

l

2 [SLM Home -... |[ @ FlexPerf2 Re... |[ 3 sLmM Gul

Fig. 7.25(c) Ncsim Simluation using SLM - View 3
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7.1.4 Extracted Information
A subset of memory information extracted from SLM Core included memory buffer and its
attributes. Fig. 7.26 shows the attributes of various SLM instances and Fig. 7.27 shows the

memory buffer of one of those instances.

pplications Places System % V2 3:45pPM

Info.log + (/data/SPG/users/goels2) - GVIMG

E| File Edit Tools Syntax Buffers Window DrChip Help

Fig. 7.26 Memory Attributes

Applications Places System & 2 7:21m &
TLM_TEST_PLT

Fle Edit View Terminal Tabs Help

NEW_SLM_GUI x | TLM_TEST_PLT :]Veﬂ\ug x |Working_Flexperf x |temp x [SLM-6.1.0 x |SLM_NEW_BUILD x
£000080A / GAAAOAaS 0ABOBOTe 49 3 0808001b 7 2 908000823 7 00080071 2 34 00000~
ge3 ;
©0000010 / 0OOOB0a6 4b 55 1 0e0e0
eoe ;
900000828 / oeeee
e0e ;
000000838 / ooeee
008 ;

/ 00080
008 ;

50 / 08000

000 ;

’ oeeee
eoe ;
000000878 / ooeee
008 ;

/ 08888
LT

/ 00080
LT

/ 0e0e0
eoe ;

’ ooeee
e0e ;

e/ ooeee

LT

/ 00080
000

/ 08000
eoe ;
@o0008Te / oeeee
e0e ;
00000188 / ooeee
008 ;
00000118 / 00080
008 ;
00000120 / 08000
000 ;
00000130 / oeeee
eoe ;
00000148 / ooeee
e0e ;
80000158 / 08600/ |
008 ;
00000168 / 00080
000 ;
|- T8 vim 12) || & 1M TEST PUT || ¢ [Systemc si... || £ technical no... || & Technical No... || & TN_Specma... || & Technical No... || (2 [SLM Home -... | BN | (o]

Fig. 7.27 Memory Buffer
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7.1.5 GUI Testing Process
A brief view of <control, event> registerations, their logs, invocation and traversal by GUI

test suite are presented below in Fig. 28(a), 28(b) , 28(c) and 28(d) respectively.

void BindingTablesTestInfoSet: :registerEvents(std: :string
control_name, std::string event)

{

BindingTableEntry bt = {control_name,event};
table_entry[BT_SIZE]=bt;
BT SIZE = BT SIZE + 1:

Fig. 28(a) Event Registerations

void EventBinding:: logRegisteredEvents()

{

BindingTablesTestlnfoSet: :BindingTable table =
bindHandler.getBindingTable();

for(int 1=0; i<bindHandler.BT_SIZE ;i++)

GUIGIobal InfoSet: :status << *\nControl - '<<
table.entry[i].control << registered for event - " <<
table.entry[i].event << "\n"';

}

GUIGIobal InfoSet: :status << bindHandler.BT_SIZE <<" events
registered\n';

Fig. 28(b) Binding Table Logger

EventBinding: :bindHandler.registerEvents( ".tabl_home.result” ,
"_tabl_home.move set'™);

EventBinding: :bindHandler.registerEvents(
"_tabl.home.result™ , "_tabl.home.movex set");

Fig. 28(c) Binding Function Call

void dfsControlNameTraversal (std: :string root name)

{
std: :vector<std::string> v2 =
eval (std::string("'winfo children ")+root_name);
if(v2_.size()==0)
{

std::cout << "Leaf ''<< root_name <<'"\n";
dfsEventNameTraversal (root_name);

¥

for(unsigned int i=0;i<v2_size();i++)
{

' <<v2[i] <<'"\n"";

3

for(unsigned int i=0;i<v2.size();i++)

std::cout << "Vector "<< i <<" :

dfsEventNameTraversal (root_name);

dfsControlNameTraversal (vV2[i]);

Fig. 28(d) DFS traversal
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7.1.6 Directory Structure
Fig. 29(a) and 29(b) depicts the directory structure of GUI.

VE dIh2117:6 (goelsd) - VNC Viewer = @ =

M appications  Faces System G

. Terminal
File Edit ‘iew Terminal Tabs Help
TLM_TEST... x Verilog x [temp ® |SLM_NEW_ ... = |GUA x |Test Cases x simS.9 ® |GUI-DEMO x| Terminal = | Terrminal * | Terminal =

-« Makafila
-~ README
== build
-~ bin
| |-- cpptx.o
I -~ cpptkbase.o
T slmgui.exe

Files Used By GUI.txt
-- SLM_Manual.txt
Work_status, Txt
-- input_tfiles
T-- Guibata.log
== install
cpptk-1.8,2
|-- CREDITS
README
basa
|-- epptkbase.ce
T-- cpptkbase.h
cpptk.cc
CppTE.h
CPPLCOnSTants.x
CpptRoptions . x
doc

-~ doc
I
I

doc . htmi
examples
|- Makerile
- exampled.cc
examples. tel
- mxamplel.cc
- example2.cc

-- exampled.cc
exampled.cc
examples. ce
“-- examples.cc

I
I
|
I
I
I
I
I
I
]
]
I
I
I
I
|
I
I
I
I
I
I
I
]
I
I
I
I
I
I
I
I
I |
I
I |
I
]
I
I
I
I
I
I
I

tost
|-- Makerile
== test
|-- test.cc
|== testz
"-- test2.cc
= 11b
"-= libsimgui.so
m’ —OL0 s 1A Cory STUdY Techrical Note on SH4 Co simulation
BAVIFOMMENE USING Backdoar AcCass
Fig. 7.29(a) Directory structure of GUI
VE dINZLIT:S (goels2) - VNC Viewer =@ =

M Applications  Flaces System T

Terminal

file  Edit

View Terminal Tabs Help

TLM_TEST... X |Verilag ¥ |temp ¥ SLM_NEW ... x GuU * | Test Cases X sim59 ® | GUI-DEMO x| Terminal x  Terminal ® | Terminal x

|-- cpptkconstants.x
|-- cpptkoptions.x
|== doc

| -+ doc.html

|- examples

| |- Makefile

| |-+ exampled.cc
| |-- exampled.tcl
1

|

|

1

|

|

|-- examplel.cc
|=- example2.cc
|+ exampled.cc
|<+ exampled.cc
|-« examples.cc
<= axamplet.cc
- test

|-+ MakeTile
|-- test
== test.cc
== test

< testl.cc

- Libsimguli.so
slm_core_study
Companant . hpp
Databesign.n
FWOL] ectStrean. hpp
1d.hpp
MemList.hpp
PATHS . txt
" .- Scratchpad.cpp
-- output_Tiles
|-- content
| "+« Data_top_plt.DATA_memory
| == full_content
|
|

|-= sc_main.top plt.demo_csw_inst 8.demo_inst _0.slave MB_full
== top_pPLt.DATA memory Tull

== logs

|-= Information_top _plt.DATA memory

“e« Memory Information_Dump. log

| == SimCoreGuibDatakxchanger.n
|- guitest.cpp

slmgul.cpp

-« slmgui.h

17 directories, 49 Tiles
dLhl2117{goels2}329;

|Urm|ea Document - Mozilla nrerox[

@ [{& vim13) @ Terminal || & system... || © Technica...|| € Technica... | @ untitea ... [Downto... || 3 [dec] |[ & rreste... | B2 book | i ]

Fig. 7.29(b) Directory structure of GUI
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7.2 SLM Test Suite

7.2.1 Environment Setup

It reqiures a set of configuration done through makefile. A compiled view of required setup
is presented in Fig. 7.30(a), 7.30(b) and 7.30(c).

1 # S hin/tocsh

S M HME to <L0OCA PATH: fdistrib/ddnmusss’
GHUVERSTION <NE
S M BITS 54

Fig. 7.30(b) Required scripts for configuration setup

d1h12117{goels2}1561:source setup.csh

ERRRERRRERRRERE KRR KRR KRR

Checking for slm environment
EEEERREEEEREERERERREREERER R

SLM: :WARNING: NCSIM not used.

Done

R R

Setting up simulator

Select an option for simulator =
[1] NCSIM
[2] MODELSIM
[3] vCs

[«

R R L

(@ (Bvmao |[@swmne.. [ system... | rTechnic... | & Tecnnica... | @ untited... | @ pownto... | B vaiigation | B swekR... | B doc =1

Fig. 7.30(c) SLM Setup

Fig. 31(a) and Fig. 31(b) depicts build process for tests.

dlRi2 117 {goels2}1 582 :make Cests

Jamfs T divisdenssposfiext teols/goc/ 4. 1.1 goldx8s 64-relS5 pin/g+s -Dllnux -Wall -pthread -TPIC -DFFZ DONT USE FLEXSAM -DCSSTOM FLAG -DSHUMAN - DEY SILVI
-DNEW GUI_ENABLE -DWEST MODE -ISdata S SPCSusers/goells2 ol filesSLM GUI/Integration/SLM Lib/slm package 201585685/ sla_trunkfsrc/cpp/sia_core -I/datafSPos
wsers fgoels2/tcl filerSLM GUI/Imtegration/SiH Lib/sle package 28058585/sln trunk/src/cppsfisskit -I/data/S@P6 users/goels2/tcl file/SLH GUI/Entegration/s
LM_Lib/slm package DOLSOSES/sla_truni/src/validation/TestPlan/c+s/conmon -1/data/SPC/users goelsd/ tel_File/SLM QUL Integrations/SLM Lib/sla_package 2615
0585/ s1lm_trunkfsrc/opp/targets -1/ datasSPG users/goels2 /ol file/SUM GUL/Integration/SLM Lib/sim package 20156585 /slm twumk/src/oppstargets/C Function
Tables -Lfsw/cadencaesincisiv/ 14,10, 088/ TmaS6 /¥ tools ., LaB6A transreco rddfinclude - I/data/ SUM/SLN EXTERNAL DEPEMDENCIES/Tp2/imstall_64/S0E_FlexPerf_2.3.68/x
B6_64 -pe-Linux-gnu-goc-4. 1.1/ /imclude bl - T/data/SLM/SLN_EXTERNAL IDEPEMDENCTES, fp2ainstall 64/SDK_FllexPerf 2.3.8/%86 6d-pc- Linwc-gnu-goc-4. L. 1A/ anc Tud)
e/ fwlib -L/datasSLM SLH_EXTERNAL DEFENDENCIESS fp2rinstall 64/5DK_FlexPerf 2.3.0/x55_ 64 -pc-Linax-gnu-goc-4 . 1. L/ finclude/ Twlib /plat forms/L inux -1/ data /50
M/SIM EXTERNAL OE PENDENCTIES/fp2/install G4.,50K FlexPerf 2.3. 8/x856 _64-pc- Linum-gnu -gcc-4. 1. L/ fincludesFP2 -TAdatasSLAISUM EXTERRAL DEFENDERCIES/ TpZ2/inst
ALl _64/SDK FlexPert 2.3.8/xB6 64-pc-linue-gau-goc-4. B 1/ anchiude/ flexsam -1/ @ata/SIM/SLM EXTERNAL DEPEMOENCIES/fp2/install 64/S0K FlemPerf 2. 3.0/xB6._64
-pC-Linuoc- gnu-goe -4 - 1. 1/ fincl ude/ Flexsan interface -I/data/SPG/users/goels2/tcl_file/5LH GUT/ install/cpptik-1.8.2 -Ifesrdimclude/X11s -1/ swist_divisions
Sp@fext_tools/systemer2, 3. 1/ systemc-2. 3, BS rof sy st packages/boost - L/data/SPe/users /goels2 ol _Tile/SUM GRIFIntegration /Gl _SLM -03  -D50I -0 B48IT_ -
© fdatadsPG/users fgoels2/tol_Tile/SIM GUE/Integration/SIM Lib/sim packasge 26058505/ sla_trunk/sro/validationsTestPlan/ ot/ acces s/ bddrSc ran/Source/Sdd rSe
ram.cpp -0 /data/SPGlusersrgoelsd/ il Tile SLM GUI/IntegrationsSLM Lib/sin package ZOL56565/s\m trmk/srof. ./ /temp bullds/release/Linux/ 4. 1. 1/64/0b] FAddr
Scram sEm. o

Fig. 7.31(a) Build Tests
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@ Applications Places System & P s37pm G

File Edit View Terminal Tabs Help

TLM_TEST... x Verilog x ‘tsmp x [SLMiNEW;‘.

]Gu\ x Test Cases x [sim59 x | GUI-DEMO x |Terminal x | Terminal x ‘Termma\ x

int LoadAllMem(int, char®, int*, FileFormatT)':
fdata/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/s1m_package_20158585/slm_trunk/src/validation/TestPlan/c++/common/Common.hpp:723: warning:
'status’' may be used uninitialized in this function

/sw/st_division/spg/ext_tools/gcc/4.1.1 gold/x86_64- rhel5/bin/g++ -Dlinux -Wall -pthread -fPIC -DFP2_DONT USE_FLEXSAM -DCUSTOM FLAG -DHUMAN -DBY STLVI
-DNEW_GUI_ENABLE -DTEST MODE -I/data/S5PG/users/goels2/tcl file/S5LM GUI/Integration/SLM Lib/slm_package 20158585/slm_trunk/src/cpp/slm_core -I/data/SPG/
users/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm_package 20158505/slm_trunk/src/cpp/isskit -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/S
LM Lib/slm_package 20158585/slm_trunk/src/validation/TestPlan/c++/common -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm_package 20815
0585/slm_trunk/src/cpp/targets -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 20150505/slm_trunk/src/cpp/targets/C Function |
Tables -I/sw/cadence/incisiv/14.108.808/1nx86//tools.1nx86/transrecord/include -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/fp2/install_64/SDK_FlexPerf_2.3.8/x
86_64-pc-linux-gnu-gcc-4.1.1//include/bfr -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/Tp2/install_64/5DK_FlexPerf 2.3.8/x86_64-pc-linux-gnu-gcc-4.1.1//includ
e/fwlib -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/Tp2/install_64/SDK_FlexPerf_2.3.8/xB6_64-pc-linux-gnu-gcc-4.1.1//include/fTwlib/platforms/Linux -I/data/SL
M/SLM_EXTERNAL DEPENDENCIES/Tp2/install 64/5DK FlexPerf 2.3.8/x86_64-pc-linux-gnu-gcc-4.1.1//include/FP2 -I/data/SLM/SLM _EXTERNAL DEPENDENCIES/fp2/inst
all 64/5DK FlexPerf 2.3.0/x86 64-pc-linux-gnu-gcc-4.1.1//include/flexsam -I/data/SLM/SLM EXTERNAL DEPENDENCIES/Tp2/install 64/SDK_FlexPerf 2.3.08/x86 64
-pc-linux-gnu-gcc-4.1.1//include/flexsam/interface -I/data/SPG/users/goels2/tcl file/S5LM GUI/install/cpptk-1.8.2 -I/usr/include/X11/ -I/sw/st division/
spg/ext tools/systemc/2.3.1/systemc-2.3.1/src/sysc/packages/boost -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/GUI SLM -03 -DSDI -D 64BIT -
c /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_28158585/s1lm_trunk/src/cpp/slm_core/DbiRecorder.cpp -o /data/SPG/users/goels2
/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package 20158585/slm_trunk/src/../temp_build/release/linux/4.1.1/64/0bj/DbiRecorder_sim.o
/sw/st_division/spg/ext_tools/gcc/4.1.1 gold/x86_64- rhel5/bin/g++ -Dlinux -Wall -pthread -fPIC -DFP2_DONT USE_FLEXSAM -DCUSTOM FLAG -DHUMAN -DBY STLVI
-DNEW_GUI_ENABLE -DTEST MODE -I/data/5PG/users/goels2/tcl file/S5LM GUI/Integration/S5LM Lib/slm_package 20158585/slm_trunk/src/cpp/slm_core -I/data/SPG/
users/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm package 20158505/slm_trunk/src/cpp/isskit -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/S
LM Lib/slm_package 20158505/slm_trunk/src/validation/TestPlan/c++/common -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm_package 2015
0585/slm_trunk/src/cpp/targets -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm package 20150505/slm_trunk/src/cpp/targets/C Function |
Tables -I/sw/cadence/incisiv/14.108.808/1nx86//tools.1nx86/transrecord/include -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/fp2/install_64/SDK_FlexPerf_2.3.8/x
86_64-pc-linux-gnu-gcc-4.1.1//include/bfr -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/fTp2/install_64/SDK_FlexPerf 2.3.8/x86_64-pc-linux-gnu-gcc-4.1.1//includ
e/Twlib -I/data/S5LM/S5LM_EXTERNAL_DEPENDENCIES/fp2/install_64/5DK_FlexPerf_2.3.8/xB6_64-pc-linux-gnu-gcc-4.1.1//include/Twlib/platforms/Linux -I/data/SL
M/SLM_EXTERNAL DEPENDENCIES/Tp2/install 64/5DK FlexPerf_ 2.3.8/x86_64-pc-linux-gnu-gcc-4.1.1//include/FP2 -I/data/SLM/SLM _EXTERNAL DEPENDENCIES/fp2/inst
all 64/5DK FlexPerf 2.3.0/x86 64-pc-linux-gnu-gcc-4.1.1//include/flexsam -I/data/SLM/SLM EXTERNAL DEPENDENCIES/Tp2/install 64/SDK_FlexPerf 2.3.08/x86 64
-pc-linux-gnu-gcc-4.1.1//include/flexsam/interface -I/data/SPG/users/goels2/tcl file/S5LM GUI/install/cpptk-1.8.2 -I/usr/include/X11/ -I/sw/st division/
spg/ext _tools/systemc/2.3.1/systemc-2.3.1/src/sysc/packages/boost -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/GUL SLM -03 -DSDI -D 64BIT -
¢ /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_20158505/slm_trunk/src/cpp/slm_core/EnhancedPhysicalMemory.cpp -o /data/SPG/u
sers/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm_package_20158505/s1m_trunk/src/../temp_build/release/linux/4.1.1/64/o0bj/EnhancedPhysicalMemory_sim
.0

/sw/st_division/spg/ext_tools/gcc/4.1.1 gold/x86_64-rhel5/bin/g++ -Dlinux -Wall -pthread -fPIC -DFP2 DONT USE_FLEXSAM -DCUSTOM FLAG -DHUMAN -DBY SILVI
-DNEW_GUI_ENABLE -DTEST MODE -I/data/S5PG/users/goels2/tcl file/S5LM GUI/Integration/SLM Lib/slm_package 20158585/slm_trunk/src/cpp/slm_core -I/data/SPG/
users/goels2/tcl_file/SLM GUI/Integration/SLM Lib/slm_package 20158505/slm_trunk/src/cpp/isskit -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/S
LM Lib/slm_package 20158585/slm_trunk/src/validation/TestPlan/c++/common -I/data/SPG/users/goels2/tcl file/SLM GUI/Integration/SLM Lib/slm_package 20815
0585/slm_trunk/src/cpp/targets -I/data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_20150505/slm_trunk/src/cpp/targets/C_Function_|
Tables -I/sw/cadence/incisiv/14.10.008/1nx86//tools.1lnx86/transrecord/include -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/fp2/install_64/SDK_FlexPerf 2.3.08/x
86_64-pc-linux-gnu-gcc-4.1.1//include/bfr -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/Tp2/install_64/5DK_FlexPerT 2.3.0/x86_64-pc-linux-gnu-gcc-4.1.1//includ
e/fwlib -I/data/SLM/SLM_EXTERNAL_DEPENDENCIES/Tp2/install_64/SDK_FlexPerf_2.3.8/xB6_64-pc-linux-gnu-gcc-4.1.1//include/fTwlib/platforms/Linux -I/data/SL
M/SLM_EXTERNAL DEPENDENCIES/Tp2/install 64/5DK FlexPerf 2.3.8/x86_64-pc-linux-gnu-gcc-4.1.1//include/FP2 -I/data/SLM/SLM _EXTERNAL DEPENDENCIES/fp2/inst
all 64/5DK FlexPerf 2.3.0/x86 64-pc-linux-gnu-gcc-4.1.1//include/flexsam -I/data/SLM/SLM EXTERNAL DEPENDENCIES/Tp2/install 64/SDK _FlexPerf 2.3.08/x86 64
-pc-linux-gnu-gcc-4.1.1//include/Tlexsam/interface -I/data/sSPG/users/goels2/tcl Tile/SLM GUI/finstall/cpptk-1.8.2 -I/usr/include/X11/ -I/sw/st_division/ —
spg/ext_tools/systemc/2.3.1/systemc-2.3.1/src/sysc/packages/boost -I/data/SPG/users/goels2/tcl_file/SLM GUI/Integration/GUI_SLM -03 -DSDI -D_64BIT_ -
c /data/SPG/users/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package_28158585/s1lm_trunk/src/cpp/slm_core/EnhancedSystemMemory.cpp -o /data/SPG/use
rs/goels2/tcl_file/SLM_GUI/Integration/SLM_Lib/slm_package 28150585/s5lm_trunk/src/../temp_build/release/linux/4.1.1/64/0bj/EnhancedSystemMemory_sim.o

®

|§\ [ vim (12) |[8 sm_ne... |[© (System... |[ © [Technic... | & Technica... | @ untitiea ... ][5 (Downio... |[ £ validation || £ sYncHR... || £ doc

Fig. 7.31(b) Build Tests

7.2.2 Running Status of Test Cases
Fig. 7.32 shows the current running status of test cases. Many of them are working, but some

are not currently working.

Fig. 7.32 Status of Test Cases [A subset of test-suite]
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7.2.3 Test Cases Runtime logs

Following is a set of logs recorded during test case execution. Testrun script is written to

conduct automated execution of tests. Testrun.sum marks the beginning of test-automation

script.
¥ testrun.sum (/data/SPG/users/krishnak/projects/3_SLM/FOR_SILVI/sim_package_20150505/sIm_trunk/src) - GVIML15
File Edit TJools Syntax Buffers Window ODrChip Help

cEEE 9 9 D e ¢ B2 4 39 B

Fig. 7.33 Test Run Start

Fig. 7.34(a) and 7.34(b) depicts log and inputs of Adk test respectively.

width=

'y URAM1b,
'y, URAM1c,
4 URAMId, width=

uBootROMO, width

width=

HOTE & tion of SLH p z in =] MT L uMHe ! 3, width=
[

Hetru Directoruy Listirg
FdatasSLMSSL M EXTERMAL . DEPEMDERCIES /SYRCHROMICTY fsrc/fval idat ion/References /Ad</LDADF I ES
Sorted by

Fig. 7.34(b) Inputs to Adk Test
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Fig. 7.35(a), 7.35(b), 7.35(c), 7.35(d) and 7.35(e) show the log of Assertions run. It checks

various memories for different type of assertions such as Read, Write, etc.

NOTE 3
NOTE 3

3 ior ar tCho! i ) 0
B B B B AR aa R LR R o

DEBUGINFO
NOTE

TEBUG:
TEELG:

HRITE
READ+READ
DEBL vent tion: t L RITE+HRITE

JEBLIG ¢
TDEELIG

Fig. 7.35(b) Assertions Run
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WRITE+HRITE
ITE

NOTE:

NOTE:

NOTE: HR

NOTE: WRITE

NOTE: WRITE+HRITE
NOTE: READ

NOTE: READ

LDEBLG
LEBLG:
DEBUG :
LEBLG
LDEBLG:
LEBLG :
NOTE

NING.

ARNING .

INFO,

Fig. 7.35(d) Assertions Run
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HRITE

el INFO.

INFCR

Fig. 7.35(e) Assertions Run

Fig. 7.36 depicts run-time log of Basic run test, where memory registration with varying

types, widths and expansions are tested.

HOTE: R i - LUMFMEML, width= 1, depth
NOTE 3 i . LLIMEM wicth= th
. LLIMEM width=
- LJuUuIntHem, wi

[ITEST COMPLETED

Fig. 7.36 Basic Run

Fig. 7.37 depicts run-time log of UtilServ run test, where memory registration with varying
utilities, such as RAM, ROM, FIFO etc. are tested.

HOTE 3
HOTE
HOTE 3

HNHOTE
HOTE
HNHOTE
NMOTE 3

HOTE 3

Fig. 7.37 UtilServ Test Run
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Fig. 7.38(a) and 7.38(b) depicts run-time log of VerifServ where different sets of memory

instances are tested for same verification services they provide.

» top.dut ., width= 24, depth =

2 top.dut I3, width depth =

2 top.dut, E.I0, width= 40, depth
= top.,du t,.I1, width= 47, depth
NOTE & gt i of SLKF % i = top t.IZ2, width= 42, depth
MNOTE ¢ =t ion of SLM 3 i 2 top.cu t.I3, width= 52, depth
NOTE 3 ation of SLM 5 i = T cut ., t.I4, width= 56, depth
NOTE ¢ ation of SLM p = i = top.du L. I5, width= B
NOTE ¢ tration of SLM L al i L.I6, width=

HOTE £
NOTE ¢

, width= 1

4, width= depth

, width= depth

of SLM physical instance top.I5, width= 127, depth =

Fig. 7.38(a) VerifServ Test Run
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tion of SLM phe i e width= depth
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F NOTE: R tion of SLM p i 2 width= depth
: NOTE £ ; tion of SLM p i 2 141, width= depth
- NOTE : i tion of SLM p i i e 142, width= depth
HNOTE: Regi: tion of SLM phys i e 143, width= depth =

HOTE 3 i tion o il i 2 top.dut SPLARGE, width= 15, depth = 256

o
—1

i NOTE: tion of SLM ph i =] dut FIFO, wicth= 18, depth =
J NOTE: iztration o
| NOTE: tion o
MOTE tion o
NOTE £ i tion of SLM p i i 2 top,dut IPR, width= 24, depth =

i NOTE: s tion of SLM p i 2 top,dut ,DRAM, wicth= 1100, depth = 100
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1
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il
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1
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Fig. 7.38(b) VerifServ test log
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7.2.4 SLM Inputs
Following files present a sample of inputs to SLM which acts as a common input for all types

of simulators and platforms. They are later parsed into suitable formats by various users.

Fle Edit Tools Syntax Buffers Window DrChip Help

CHE & 9 9 D ¥+« BE® 4 29 B

16

|§\ | 7 vim (14) H a Test_Cas.‘.:H: [System... H [Technic... || Z Techmca‘..]\:@ Untitled ... H Y [Downlo... H [ validation ||D SYNCHR... ||D doc \E

Fig. 7.39(a) 512x16.cde input

M) Applications Places System % V2 6:

. 2x2.cde (/data/SLM/SLM_EXTERNAL_DEPENDENCIES/SYNCHRONICTY/src/validation/References/ViogFormat/LOADFILES_VLOG_BIN) - GVIM12 | |O0X]|

File Edit Tools Syntax Buffers Window DrChip Help

TCEHES® 99 D Mo ¢ BES® 09 B

Fig. 7.39(b) 2x2.cde input
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Compare.rep is used to log any differences in run_time log w.r.t the Goldrun log of test. Fig.

7.40 present a sample Compare.rep file.

QApplications Places System %
V" Compare.rep (/data/SPGlusers/krishnak/projects/3_SLM/FOR_SILVI/sIm_package 20150505/sIm_trunk/build/TestPlan/linux) - GVIM29

File Edit Tools Syntax Buffers Window Help

D¥oe GO 409 B

N
o S|

|

well

v

Fig. 7.40 Compare.rep file

Fig. 7.41 presents a list of Test Plans and Functions that are currently included in the

automation scope of test cases.

Fig. 7.41 List of Tests included in Automation
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Fig. 7.42(a) and 7.42(b) shows two sample memory designs which act as caller to SLM

Services in co-sim mode.

‘App\icat\ons Places System %

|P,y',‘ RAM_2Kx8.v (tarfile:TC/Controller/NLOG_CODE) - GVIM9 =
File Edit Tools Syntax Buffers Window DrChip Help

cEdB a8l e 9 D ¥>+« BE® A2 B8

1
'.5;//////////////////////////////////////////////////J’!!!ﬁ!ﬁ

TModule “RAN_2Kx8™
5 // This nodule is a Menory 2K Words and 8 bits vide nemory //

W L T L T T TV T

HWEM, D, A. §

"y
ertenory (MenAddr, Depth . Width

dth-1:0] (8, @int

n
LEN 1'b1

Reading from a SLM Menory

d Y = A, Qint

SLM Fenory
4 (M A

D

RAM_512x12.v (tarfile:TC/Controller/WVLOG_CODE) - GVIM3
File Edit Tools Syntax Buffers Window DrChip Help

EEHES 99 D ¥ ¢« BE® |00 B

5/."//."J’//."//."//."///."//."///."//."//."///."///////////////////////ﬁ

I Hodule “RAN 517" i
// This nodule is a Nemory 512 lords and 12 bits vide nwenory //

L

WEN, D, A, &

i, Depth . Hidth

istered SLM Memory vith all Os
", {Width (17 b0

uf buf@[Hidth-1:0] (@, Qint

in
£ (HEN 1'bl
ff Reading fron a SLM Menory
1 y ", A, Bint

into a SLM Menory
Addr. A, D

1 e dule
tar-file:TC/Controller/VLOG_CODE/RAl 51212 v

Fig. 7.42(b) Sample RTL Memory Design
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7.2.5 Automation Scripts

Fig. 7.43 shows the help for automation test-script usage.

run_test.hip = (/data/SPG/users/krishnak/projects/3_SLM/FOR_SILVI/sim_package_20150505/sIm_trunk/scripts) -

File Edit Tools 5yntax Buffers Window DrChip Help

CEHdE & % 9 D ¥« B3 4 29 B

Fig. 7.43 Run_tests.hlp

Fig. 7.44 shows the call to C++ test plan execution in automation script.

@ spplications  Places  System &3

|'E,'“ c++test.sh (/data/SPG/users/krishnak/projects/2_SLM/FOR_SILVI/sIim_package_20150505/sIm_trunk/scripts) - GVIM30
File Edit Tools Syntax Buffers Window DrChip Help
TERE & % 9 D ¥ ¢ BEO B E®e B

#if the current test has o fellow directory in the build/TestPlan area
#oreate a dirtectory there (this test has never been ran vith the script

Fig. 7.44 Script for C++ Test Plan Invocation
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Fig. 7.

45(a), 7.45(b) and 7.45(c) show various sections of script including,

building output directories and logging results.

@ Applications  Places System &

checks on input,

run_test

(/data/SPG/users/krishnak/projects/.
Window DrChip Help

0D ¥3 « B

0150505/sIm_trunk/scripts) - GVIM3L

File

cEE& 99

Edit Tools Syntax Buffers

&

a

) # [:I[n:k in case of a single test ule}lﬂ‘ HoRuns has been mentioned
if [ | -z "§sttest” —a -z “d ;

|- [ 08 vim (31) | B9 sum ne...

Eile

run_test

(/data/SP G/users/krishnak/projects/.
Window DrChip Help

0 ™ > « 6

Edit Tools Syntax Buffers

He 40 88

HELP_FILE} 15
ELP_FILE}

Fig. 7.45(b) Automation Script
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File Edit Tools Syntax Buffers Window DrChip Help

TAdE&® 9 9 D ¥ »+« B A 50 B

IC_REF_FILE_HAME}

i1l

REF_FILE_NAME} 13

=)
L_REF_FILE_PATH} /% {NC_REF_FILE_NAME} > ${CHMP_LOGFILE}

Fig. 7.45(c) Automation Script

Fig. 7.46 shows the log of script testing. It logs if any script is missing, or any resource
required by any script is missing. A close look on environment setting is being placed

through different scripts which in case of any discrepency , is logged during this run.

file Edit Jools Syntax Buffers Window Help

cdRBa 9 ¢ U 8% ¢ G 4 092 88

00N &=

20130803 on linu: PRSS

Fig. 7.46 Script Testing
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Set of scripts involved in test suite development and automation are depicted in Fig. 7.47.

A sopictins Aaces Sysem @) EW 1m §

LM NEW BUILD = 8K

Bie Eat Mew Torminal Tabs Holp

Fig. 7.47 Set of Scripts
7.2.6 Directory Structure

The directory structure for Axis, Ncsim and Seamless based test cases and c++ and HDL is
presented in Fig. 48(a), 48(b), 48(c) and 48(d) respectively.

‘Applicaliurls Places System a % vﬂ 11.03 AM ‘

File Edit View Terminal Tabs Help

(@ oo w8 sy, 5 momice. |8 oce. [ wtes.. [® oo D oo [ s (B | MNEINNS
Fig. 7.48(a) Axis & Ncsim Directory Structure
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@ Applications  Places  System > %Vﬂ 11:03amM &

Test_Cases x

Fig. 7.48(b) Seamless Directory Structure

‘ Applications Places System g %w 11:03 AM ‘

Test_Cases

(@8 vy [ s, 8 moice [ Eorice, ) @ ibter | o | B o (Tt Do ENEIEN®
Fig. 7.48(c) C++ Test Plan Directory Structure
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Fig. 7.48(d) HDL Test Plan Directory Structure

‘Applicalinns Places System 0

Test_Cases

Fle Edit View Terminal Tabs Help

-]
(% vim (19 [ st Cama]| & ystem... || & Tecrmica..J & Tecica..] @ unites . || Downi... || 0 tgocl ]| (eS| D ook @ NN ©
Fig. 7.48(e) Overall Test Suite Directory Structure




7.3 VPI Demonstration

7.3.1 Environment Setup
a. Work Area Path
/data/SPG/users/goels2/tcl_file/SLM_GUl/verilog

b. Environment Variables
setenv CDS_AUTO_64BIT INCLUDE:INCA
setenv INCA _64BIT

c. Instruction

bsub -1 -q short ncverilog poc.v
7.3.2 Screenshots

VPI will use PLI and CFC Tables Configuration, which can be done through a set of files to

be compiled inclusing veriuser.c and cfctable.c.

¥, Makefile (/data/SLM/SLM_EXTERNAL_DEPENDENCIES/SYNCHRONICTY/Src/va.../pThreadCrashProblem/TEST_CASES/TC_WORKS/
File Edit TJools Syntax Buffers Window DrChip Help

PAEA 99 ODMe¢ GEO 400 BE

T# — Openflles

a# - Closefiles
#

0#

- Write?Files
1 those susten tasks do not belong to the SLH services
11 # Tarpets B all

/include —fPIC

i TARGET TNTERFACE #34
TARGET = mypli

i Makefile TARGETS #3

ar,c -0 3@

table.c -0 3@

#4# Conpilation of User defined Ct file
Hrt2File.o: Wrt2File,cop

c Wrt2File,cop -o 3@

# Added User defined object file

Fig. 7.49 Makefile for CFCTable & PLI Setup
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. Applications Places System % V@ 12:08 PM @

Verilog

File Edit View Terminal Tabs Help

NEW_SLM_GUI x ‘SLM_BU\LD_G_May x ‘TLM_TEST_PLT x | Verilog % |Working_Flexperf x temp % |Flexperf_GUI 6.1.0

[v])] ** |

dln12117{goels2}330: bsub -I -q short ncverilog poc.v
Job <1394913> is submitted to queue <short=.
<<Waiting for dispatch ...>>
<<5tarting on dlh10984=>
ncverilog(64): 13.28-s803: (c) Copyright 1995-2814 Cadence Design Systems, Inc.
file: poc.v
module werklib.hello_world:v
errors: 8, warnings: 0
Caching library 'worklib' ....... Done
Elaborating the design hierarchy:
Building instance overlay tables: ...................0 Done
Generating native compiled code:
worklib.hello_world:v <0x082d69537>
streams: 1, words: 848
Building instance specific data structures.
Loading native compiled code: — .................... Done
Design hierarchy summary:
Instances Unique
Modules: 1 1
Initial blocks: 1 1
Writing initial simulation snapshot: worklib.hello_world:v
Loading snapshot worklib.hello world:v ............oc0vvens Done
ncsim> source /sw/cadence/incisiv/13.20.003/1nx86/tools/inca/fTiles/ncsimrc
ncsim= run
Hello World
My first C++ interaction with VerilogSimulation complete via §finish(1) at time 8 FS + @
./poc.v:6 §finish;
ncsime exit

Fig. 7.50 SV Support POC

7.4 SLM Core
7.4.1 Observations & Results

A compiled view of R&D done over SLM Core is provided in a brief through the snapshots
of file.

M Applications  Places  Systerm §8

Fle Edit Tools Syntax Buffers Window OrcChip Help

TR ® e % D @ > « B3RO AaDD @D

LNux - gri -«

_hg

| |8 vim(s) | & sLm_nE... [System... [Technic... || & Technica... | @ unttea ... [Downio... || E3 valdation || £3 SYNCHR... || 3 doc = e

Fig. 7.51(a) R&D Over SLM Core
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Fle Edit Tools Syntax Buffers Window Orchip Help

= = = .= I D & % « B @@ & o= @8
4
47

e rMemo

& |1 vim (99 I SLM_ME... ISystem... [Technic... || & Technica... | @ unoed ... [Dawnia... || B3 validaten || £3 SYNCHR...

Fig. 7.51(b) R&D Over SLM Core

B doc = -]

@ Applications Places System % Voos:soem @

files_setup (~/Desktop/thesis_screens/thesis_new) - GVIM&

File Edit Tools Syntax Buffers Window DrChip Help

CHEA 9 9 b s ¢ BE® a9 B

inte tion with o orld
exposedﬂpoints of communication.
1 functions

ThInf
TbInfo.

ore stud

1 container c

(lin
(lin

Fig. 7.51(c) R&D Over SLM Core
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Chapter-8
Conclusion and Future Scope

8.1 Conclusion

A lot of efforts are being put towards providing user-friendly interfaces to complex system
designs. The testing methodology and its automation is a center of focus because many of the
systems that are proprietary systems of companies, are still in dire need of appropriate
methods for testing. In such a scenario, we present a plan to incorporate helping structures
during development phase, which can later make the system being more responsive in the
testing phase, and would contribute to a scalable code for testing scripts.

8.2 Future Scope

Introduce testcases improves overall SoC design verification and the developed system can
be a new face to SLM by incorporating following enhancements :

*  To allow two-way communication (simulator <-> GUI)

*  Should also run in Pure TLM mode (non-Co-Sim)

*  Provide an extensible solution to the SLM library

*  Fully testable without human intervention (for qualification)
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