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Abstract 

Field Programmable Gate Arrays (FPGA) are used for prototyping hardware 

as well as in applications with frequently changing requirements. Boolean cir

cuits produced based on hardware description language files are created by 

a Computer Aided Design (CAD) flow in order to optimize applications for 

a specific architecture. The Verilog to Routing (VTR) project provides an 

FPG A CAD flow developed especially for academic and experimental pur

poses. The CAD flow consists of the tools Odin II, ABC and VPR. This 

project describes the development of a visualization component capable of 

showing the netlist produced and optimized by the CAD flow. The ability to 

simulate the shown circuit not only allows developers to explore the structure 

of a circuit, but also to verify its functionality. The visualization is part of 

Odin II and uses its abilities such as the Odin II file handling and simulation. 

The application aims to assist developers in exploring how a netlist changes 

during the work flow. The improvement of Odin II and its simulation com

ponent is part of the thesis. In addition the ability to elaborate and simulate 

circuits with multiple clocks was added to the tool and the functionality em-
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bedded into the visualization component. Using the new abilities of Odin II 

in combination with the flexibility of other tools in the VTR CAD flow new 

FPGA architectures can be evaluated and tested. Designs which utilize mul

tiple clocks in combination with hard logic can be elaborated, simulated and 

verified. The visual component provides functionalities to assist the process 

as netlists generated by Odin II and optimized by later stages in the CAD 

flow can be explored visually. This includes a visual simulation as well as 

the exploration of activity estimation data. The improvements aim to assist 

in research and experimentation with new FPGA architectures which could 

benefit research and industry. 
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Chapter 1 

Introduction 

1.1 Motivation 

Field Programmable Gate Array (FPGA) technology provides hardware struc

tures which can be reprogrammed. The advantages are beneficial in proto

typing hardware structures or in fields where changes have to be applied to 

applications frequently. Developing an FPGA compared to a fixed hardware 

structure such as an Application Specific Integrated Circuit (ASIC) requires 

less time, offers shorter development cycles and the capability of changing 

the circuit if needed. The price for the benefits are lower clock frequency, 

higher power consumption and lower area efficiency. FPGA designs can be 

used in order to prototype an ASIC. The result may be less effective than 

a design initially created as an ASIC, but the possibility to test, debug and 

evaluate hardware before a huge amount of resources has to be spent on the 
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manufacturing of hundreds or thousands of fixed devices, seems more than 

useful. 

Verilog HDL is a hardware description language which was created to de

velop circuits for FPGA devices [48]. Hardware description languages are 

used in order to define functions of reprogrammable devices. The capability 

of verilog is being constantly increased in order to keep pace with the devel

opment of FPGA technology. Modern FPGA structures have to be described 

in more detail as they offer more functions compared to the initial design of 

an FPGA presented in the 1980s. 

FPGA manufacturers offer a variety of devices in order to provide re

sources specifically needed for certain applications. It is the developer's 

choice to find a device which fits a design and results in the best cost ef

ficiency or highest clock frequency. In order to assist developers in this pro

cess, Computer Aided Design (CAD) work flows were created. The goal of 

those work flows is to use one verilog design and to optimize it for different 

resources. The result is evaluated using benchmarks of the design on the 

specific FPGA architecture before it is programmed onto the target device. 

The Verilog-To-Routing (VTR) [42] project offers a CAD flow consisting 

of three tools: Odin II [25], ABC [10] and VPR [33]. The CAD flow is created 

for academic purposes. It does not aim to program an existing device but 

to experiment with different existing or self defined FPGA architectures in 

order to explore benefits of new architecture structures. It focuses more on 

the benchmark aspect of the CAD. A more detailed introduction to the 
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project and corresponding tools is given in Chapter 2. 

1.2 Problem Specification 

In order to perform optimization and technology mapping, the verilog design 

has to be translated into a flat netlist. The netlist represents the gate level of 

the circuit. This structure is processed by the tools in order to match func

tions onto resources available on the target device as well as for optimization 

purposes. The VTR CAD flow requires two input files: a verilog descrip

tion and an architecture specification. The result of the flow are metrics 

of the minimized, architecture mapped, packed, placed and routed circuit. 

For stages in between, the netlist stored in the Berkeley Logic Interchange 

Format (BLIF) [50] format is the only information available. 

The only method to verify the functionality of the netlist is to simulate 

the circuit using predefined input values and to match them against expected 

output values. For this purpose Odin II, which creates the initial netlist of 

the workflow, provides a simulator. A structural analysis of the netlist by 

developers has to be performed using the output BLIF file. The BLIF format 

is not created to be human readable and can grow very large. The proposed 

solution for this problem is to create a tool for visualization of the netlist and 

provide different abilities in order to explore the structure, inspect specific 

nodes and to get an overview of the processes within the Boolean circuit. 

There are a variety of exploration tools available. Usually the tools are 
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created by the manufacturers of the FPGA devices. Altera [16] or Xilinx 

[53] are two known manufacturers of FPGA devices. The tools offer bench

marks and visual exploration abilities, which are optimized for the devices 

of the manufacturer. They are for commercial use only and can only be 

used for devices of that particular manufacturer. The VTR CAD flow offers 

the capability to create new resources and routing architectures. U nfortu

nately, existing commercial tools are not capable of supporting this level of 

flexibility. Hence, the tool created in this thesis is needed. 

Open source tools such as Icarus [52], Veriwell [51] and FreeHDL [19] are 

available and can be used to simulate and explore digital designs. The usage 

of existing tools would be very problematic as they concentrate on different 

aspects than exploration of FPGA architectures [25]. The goal they aim to 

achieve is to analyze and simulate the design for specific resources. The VTR 

project allows the creation of completely custom defined architectures. This 

includes hard block structures which can be specified by developers without 

being dependent on physical devices. Previous work conducted by the author 

in supporting the exploration and visualization process is described in [37], 

[38] and [39]. 

1.3 Contributions of this Work 

This thesis describes the development of software which is capable of visual

izing the netlist processed by the VTR flow. The input file for the application 
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is the BLIF file which describes the netlist and its functionality. The applica

tion is created to assist developers in research into new FPG A architectures 

by offering a visual representation of the circuit at the gate level. 

Nodes, connections, node type representation and their structure are shown 

in the visual graph. Comfort functions for navigation in netlists are provided 

in order to assist during the exploration process. Netlists can grow to sizes 

of hundreds of thousands of nodes and interconnections. Soft logic as well 

as hard logic structures produced by Odin II during the compilation process 

can be viewed, inspected and simulated in order to verify the structural and 

functional correctness of the netlist or specific nodes. 

Being part of Odin II, the application is actively used by Odin II develop

ers. Their feedback was received and incorporated into the visualization as 

part of the evaluation processes of two R&D projects: [37] and [38]. Part of 

the thesis was to incorporate this feedback in order to extend the usability 

of the application. 

The visualization is linked to Odin II. It utilizes its BLIF reading capabil

ities as well as simulation functionality. The visualized node graph is created 

using the internal Odin II data structure which allows the evaluation of not 

only the synthesis and simulation but also the BLIF reading capabilities of 

Odin II. 

The long term goal of the visualization process is to provide a better 

overview of the netlist by presenting the complexity in a format that is as 

human readable as possible. For this purpose a model view of the netlist was 
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created. The view represents the functionality of a collection of nodes inside 

a module node. This aims to provide an easier navigation in the netlist. 

The simulation of netlists with multiple clocks was implemented. Changes 

to the Odin II simulator and the visualization were made in order to allow 

netlists to include multiple clocks with different clock rates. 

In order to visualize intermediate results of different stages in the work 

flow, Odin II was improved in order to ensure that BLIF files created by 

ABC and VPR are read in and simulated correctly. In addition to this, the 

verification and simulation process of Odin II was changed slightly in order 

to ensure the correctness of simulation from the verilog synthesis as well as 

from reading BLIF input. 

The benchmarks of the VTR CAD flow include metrics such as delay times 

or area efficiency. Current developments presented in [21] extend the metrics 

by adding power estimation. This allows developers to take into account the 

power consumption of a device which is of interest for low power applications 

such as mobile devices. Part of the thesis is the development of the ability 

to visualize activity estimation performed by the Odin II simulator by the 

Graphical User Interface (GUI). The functionality was added even though 

power estimation is still under development in Odin II and not available yet. 
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1.4 Thesis Organization 

The thesis consists of six main chapters. Chapter 2 gives an introduction on 

the background of this work. This includes the field of FPGA architecture, 

CAD tools and introduces the VTR CAD flow and the tools it contains. 

Previous work consisting of two research and development projects which 

are direct predecessors of the work done for this thesis are presented in Chap

ter 3. It explains the design, implementation and evaluation of early parts 

of the visualization component. 

Chapter 4 describes the planning stage of this thesis. It creates goals for 

the project and defines use cases which have to be fulfilled. The realization 

of the defined goals and use cases is part of Chapter 5. Results are pre

sented, verified and evaluated in Chapter 6 before the thesis is concluded 

and proposed future work is presented in ( Chapter 7). 
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Chapter 2 

Background 

This chapter describes FPGA technology. After a historical introduction 

and some data describing the size and application field of FPGA devices, 

the functionality of the technology is explained using a bottom up approach. 

Starting with the basic logical element on an FPG A and the most common 

interconnection architecture the chapter moves on to more high level designs 

before it introduces heterogeneous FPGA architectures, placement, routing, 

timing and power constraints. The second part of the chapter introduces 

CAD tools and specifically the VTR CAD flow which is closely related to 

the work in this thesis. 
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2.1 FPGA Technology 

Xilinx Inc. introduced Field Programmable Gate Arrays (FPGA) in the 

year 1986 [12][13]. The concept was to create an array of soft programmable 

logic blocks surrounded by a programmable routing network. 1/0 blocks 

were located on the outer edges of the array [11]. This programmable logic 

element infrastructure allowed the creation of almost any kind of circuit given 

a big enough sized FPGA device [20]. FPGAs are part of the Programmable 

Logic Device (PLD) family and are usually grouped as High-Capacity PLDs 

[2]. 

The technology became interesting for researchers and developers during 

the 1990s as production costs of ASICs ranged from $20,000 to $200,000 [12]. 

Another benefit of a quick-to-program FPGA is the small time gap between 

the development stage and the testing stage. In the case of ASICs, factories 

are employed to create the final mask-programmable device. This process 

usually takes weeks or months [12]. FPGAs are programmed within minutes 

or hours, which allows much smaller iteration periods. A design can be tested 

and changed quite frequently during the development stage. This decreases 

the risk of failure dramatically and allows the estimation of the time needed 

for development of a specific application more accurately. 

The size of FPGA devices grows every year and in 2012 sizes could reach 

up to 950,000 logic elements and 1,400,000 registers [4]. The current state of 

the technology allows engineers to utilize FPGAs in both research and end 
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user applications. Applications exist in fields such as image processing [9], 

neural networks [36], medical devices [18], automotive devices, prototyping 

of ASICs and others [16]. 

2.2 FPGA Architecture 

This section describes the basic architecture and functionality of logic ele

ments and the routing network before it describes how FPGA architectures 

have evolved in the last decade and which reasons lead development to the 

current state. 

2.2.1 Logic Block Architecture 

Soft programmable elements on FPGA devices represent Boolean functions. 

Each Boolean function can be represented as a Look Up Table (L UT). L UTs 

are implemented on FPGA devices using multiplexers. A Random Access 

Memory (RAM) stores the configuration of a LUT. Figure 2.1 shows how 

an AND and an OR Boolean equation would be represented as LUTs on 

an FPGA. The size of LUTs differs between FPGA devices and represents a 

trade off. The bigger the L UT size the smaller the routing effort and with it 

the time delay between logic blocks. On the other hand larger L UTs require 

larger multiplexers and cause a higher overhead as parts of the structure 

would remain unused [1] [28] [22]. 

Each L UT is combined with a flip flop in order to create a steady state 
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of the logic block. The combination of L UTs and flip flops is called a Basic 

Logic Element (BLE) and is shown in Figure 2.2. BLEs are combined to 

form logic blocks or Configurable Logic Blocks (CLBs) on FPGA devices. 

Often BLEs are clustered on a logic block in order to benefit from increased 

per block delay and decreased wiring delay [15] [5] [22]. 

As FPGA technology is often compared to ASICs, the research community 

is working on combining the benefits of both technologies. Part of this devel

opment is the usage of logic blocks with higher complexity. Hard logic blocks 

provide specific functions which cannot be changed. Architectures offering 

a mixture of soft logic blocks and hard logic blocks are further introduced 

in Subsection 2.2.4. The benefits of hard blocks are increased computation 

speed for the specific function and a reduction of area consumption as the 

AND OR 
inO int out inO int out 
0 0 0 0 0 0 

0 1 0 0 1 1 

1 0 0 1 0 1 

1 1 1 1 1 1 

inO in l inO inl 

Figure 2.1: Two input LUTs representing a Boolean OR and AND. The 
truth tables are represented by the RAM of the multiplexer. 
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hard block represents the functionality of many soft logic blocks. The down 

side of hard blocks is missing functionality as hard blocks cannot be repro

grammed for a different purpose. 

Area efficiency is a metric which influences the size of the FPGA device. 

A higher size creates higher costs. Another aspect of an increasing size are 

delay times. A larger device increases the maximal distance between nodes 

which could potentially be connected [28]. Another trade off is complexity. 

Logic structures with higher complexity require less interconnection as they 

compress functionality and decrease the area needed [12] [28]. On the other 

hand complex structures decrease the flexibility of a device and create a non 

unified delay model. Complex structures cannot be reprogrammed and can 

only be used for a specific purpose. In comparison to soft logic nodes their 

processing time is higher [28]. 

The last trade-off is power consumption. It is a vague benchmark on 

4LUT.._....,...----------~ 

D Q.___..,. 

CLK 

Figure 2.2: The combination of a LUT and a flip flop build a Basic Logic 

Element (BLE). BLEs are combined to form logic blocks or CLBs on FPGA 

devices. Taken from [22]. 
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FPGAs and is divided into dynamic and static power [28) [20). Static power 

represents the power consumption of the device when no signals are pro

cessed. Dynamic consumption considers signals during computation. 

2.2.2 Routing Architecture 

Logic blocks as they are described above are usually arranged as an array on 

an FPGA device as shown in Figure 2.3. The area between logic blocks is 

used for a routing network. Besides the connection wires, a routing network 

consists of switch boxes and Connection Boxes ( CBs) [22). CBs connect 

the logic block to the routing network. Switch boxes redirect the signal by 

connecting wire intersections. Figure 2.4 demonstrates the functionality. 

Logic block 

: -+-+------1-+-+-+--~---.4-+---""""4-::---- 110 pad 

ll 11 
ll -+-+------+-+-++----...+-+-+-----,~~ R 

- 11 
- ll 

Figure 2.3: A basic FPGA architecture. Soft programmable blocks are ar

ranged as a two dimensional array. Input and output pads surround the 

structure. The space between the blocks is used for the routing network. 

Taken from [13). 
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Connection Block 
Switch 
Box 

Figure 2.4: Functionality of a CB and a switch box. A CB connects a logic 
block to the routing network. The configuration of switch boxes redirects 
the signal according to the routing. 
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Connection Boxes are used to connect logic block inputs or outputs to 

the routing network and switch boxes connect wire intersections in order to 

redirect the signal to its destination point. With an increasing number of 

logic blocks, cluster size and changing architecture as well as the placing of 

interconnected logic blocks on an FPGA device routing is a very complex 

process. The result of the placement and routing process has a major impact 

on the performance of the final application [49]. 

The routing architecture on an FPGA influences the speed of the user cir

cuit and create limits to the diversity of circuits which can be implemented 

on this device. Another aspect of logic blocks with higher logic which is dis

cussed above is the effect on the routing process. More complex logic blocks 

decrease the amount of interconnections and the costs of the device. It also 

decreases the routing minimization effort. FPGA manufacturers determine 

the amount of wires placed between logic blocks and the number of switches 

which can be programmed for routing purposes [28]. 

2.2.3 Homogeneous Architecture 

The architecture which consists of a simple array of logic blocks with a rout

ing network in between the blocks and 1/0-blocks surrounding the array is 

referred to as an island style architecture (Figure 2.5). Multiple benefits 

ensure that this architecture is currently the most common one on FPGA 

devices [43] [28]. 

The area which is used by this architecture is extensively filled with re-

15 



Figure 2.5: The structure of the island-style FPGA architecture. Each logic 

block is paired with a CB. Interconnections of the routing network are pro

grammed using switch boxes. Taken from [22]. 
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quired structures. CLBs, CBs, switches and connection wires are filling all 

the space available. Structures which are implemented using the island style 

architecture can be reused multiple times by shifting whole parts of the cir

cuit. 

There exist multiple alternatives to the island style architecture. One of 

them is the hierarchical routing architecture. In hierarchical routing archi

tecture, logic blocks are grouped. Logic blocks which are connected to each 

other and are expected to communicate frequently are placed close to each 

other. Groups are connected on a higher level. Figure 2.6 demonstrates a 

hierarchical architecture design based on three levels. 

2.2.4 Heterogeneous Architecture 

One main goal in FPGA research is to increase the performance and area effi

ciency of FPGAs while lowering their power consumption. The measurement 

of success for these developments is the gap between ASICs and FPGAs [27]. 

ASICs, which cannot be changed once they are produced, are very at

tractive as clock frequencies, area and power consumption favour ASICs over 

FPGAs devices. On the other side FPGAs have a flexible structure, which 

can be programmed and reprogrammed. One device can be used for multi

ple purposes and even in case of changing requirements, adjustments can be 

applied at any point. 

The compromise between the two technologies is researched and produced 

using heterogeneous architectures on FPG A devices. Instead of placing only 

17 
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Figure 2.6: Hierarchical routing based on three levels. Logic blocks which 
interact with each other more frequently are grouped closer to each other in 
the hierarchy. This minimizes the routing effort and aims to create shorter 
overall delay times. Taken from [28]. 
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soft logic blocks on an FPGA device, manufacturers combine hard logic block 

structures with soft logic blocks. Hard logic blocks offer more complex abil

ities, which are created for a specific purpose which cannot be changed. 

Usually those hard blocks are commonly used structures such as memories, 

multipliers, or adders [28]. An example for the use of such a hard block would 

be a multiplication in the source code. This function would not have to be 

translated into Boolean logic in order to create a multiplier but could use a 

hard multiplier on the target FPGA device. 

For each new hard block the general flexibility is decreased. This causes 

developers to choose the target FPGA device according to its resources and 

the requirements of the application. In the case of an application where 

multiplications are not used at all it would be more efficient to have a more 

flexible device which does not offer hard block multipliers. 

New structures and heterogeneous architectures are being researched by 

the community. Carry chain logic, for example, can be used in order to 

accelerate additions and subtractions [23]. Reconfigurable fine-grained logic 

blocks which can be used especially for floating point operations are being 

proposed in [29]. FPGA designs offer many different structures even for the 

same kind of hard logic blocks. In order to save area but still offer functions 

for application, Altera's Stratix I and II offered three different sized memory 

blocks [30]. Also processors can be found on specific FPGA devices such as 

Altera's SoC solutions and the Cyclone V SoC [3]. An example of a current 

FPGA architecture is shown in Figure 2.7. 
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Figure 2.7: The StratixV FPGA architecture. The device consists of layers 
with different kinds of hard and soft logic blocks. [4] 

Heterogeneous architectures create a new complexity level not only for 

technology mapping but also for placement and routing as the structure is 

not as repetitive due to hard block areas. Also the ability to shift parts of 

the circuits which was mentioned in Subsection 2.2.3 becomes more complex. 

This level of complexity requires tools which form CAD flows in order to 

develop applications for FPGA devices. CAD for FPGA is introduced in 

Section 2.3. 
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2.3 Computer Aided Design of FPGAs 

Applications for FPGA devices are developed using Hardware Description 

Languages (HDLs) such as Verilog [48]. Verilog offers a common program

ming syntax which resembles the syntax of other programming languages 

such as C. 

In the best case scenario, the developer is not concerned about resources 

available on the target device when describing an application. The imple

mentation of an actual design onto an FPG A requires the programming of 

thousands or millions of switches and logic blocks. Therefore the stages be

tween the developer describing the application and the design of the switches 

and logic blocks are performed by CAD flows [7]. 

The basic stages of a CAD flow are: 

• Elaboration 

• Synthesis 

• Placing 

• Routing 

The elaboration process translates the design into a netlist data structure 

which is the base for optimizations. During synthesis the structure is anal

ysed and minimized logically before the structures are placed in the target 

architecture and connections are established during the routing stage. 
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The input required from the user is only the circuit description. CAD 

tools optimize the structure for an FPGA device, synthesize it to logic blocks, 

which are later placed on the FPGA device before the interconnections are 

established during the routing stage [7]. CAD tools which can be found 

nowadays are based on this basic structure even though they add additional 

stages and require additional information. Stages which are found in CAD 

flows are for example technology mapping or logical optimization. Input files 

which are often used are the architecture description of the target device, 

which describes the soft block and hard block structures as well as the routing 

constraints. Section 2.4 describes the VTR academic CAD flow in detail. 

2.4 VTR Workflow 

The Verilog-To-Routing (VTR) [42] [34] project is a collaboration project 

consisting of three tools: Odin II [25], ABC [35][10] and VPR [33]. Odin 

II is the front end synthesis tool of the CAD flow and compiles the Verilog 

HDL design into a flat netlist, ABC performs logic synthesis. It analyses the 

netlist logically and applies optimizations in order to minimize it. VPR is 

responsible for physical synthesis and analysis [42]. It packs the result before 

it is placed onto the architecture and routed. Figure 2.8 shows the structure 

of the VTR CAD flow. 

The input files of the CAD flow are a Verilog HDL design and a FPGA ar

chitecture description. The workflow does not aim to program actual FPGA 
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devices but to explore new FPGA architectures. The result of the workflow 

is the placement and routing information as well as metrics of the resulting 

design such as longest wire length and others. 

The Berkeley Logic Interchange Format (BLIF) is used to store the result 

of tools in the CAD flow. It contains the nodes, their functionalities and 

interconnections in order to represent the structure of the changing netlist. 

The following -sub chapters explain the tools included in the VTR flow more 

in detail. 

Odin II 
Elaboration 
Partial Map 

ABC 
Synthesis 
Tech. Map 

VPR 
Packing, Placing, 

Routing 

Statistics, 

Figure 2.8: The VTR workflow consisting of the tools Odin II, ABC and 

VPR. Input files are the Verilog description file and an architecture speci

fication. The output file includes the placing and routing as well as circuit 

benchmarks such as the longest connection or the area consumed. 
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2.4.1 Odin II 

Odin II was introduced in [25]. Odin II is an improved version of Odin 

[24] and was created to provide a framework for verilog synthesis. One main 

objective of development of Odin and Odin II is to compile the verilog design 

into a netlist. A netlist is a representation of the Boolean circuit. In includes 

basic gates as well as hard block structures [24]. 

Verilog 
Parser Elaboration ----

.....----- BLIF Reader --

Partial 
Mapping 

Netlist 

.bllf Netllst Output BLIF ---i----

Simulator 

Figure 2.9: Processing stages in Odin IL The center part is the netlist. A 

netlist is created either by verilog elaboration combined with partial mapping 

to hard blocks, or by reading in a BLIF file. A netlist can be simulated or 

exported as a BLIF file. 

Figure 2.9 shows steps, which are performed in order to convert a ver-
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ilog design into a netlist. Odin II requires two inputs. Based on the verilog 

design, an Abstract Syntax Tree ( AST) is created. The AST is later elabo

rated in order to generate a flat netlist [25]. The second input file required 

describes resources available on the targeted FPGA device which influences 

the structure of the netlist. Odin II focuses on speeding up possible changes 

in the structure rather than using less memory during computation. Wires 

for example are stored as objects which allows one to.change interconnections 

without unnecessarily changing many lines in the netlist. 

The grey highlighted section in Figure 2.9 shows the partial mapping step 

of Odin II which utilizes the architecture description file. Functions which 

could benefit from resources available on the target FPG A are identified and 

mapped onto each other. If the verilog design contains a 8x8 bit multiplica

tion and an 8x8 multiplier is available on the targeted device, Odin II maps 

them onto each other. This task brings challenges as the hard block resources 

are usually limited [25]. 

Odin II allows one to change different parameters in handling the existing 

resources on the targeted FPGA. An example is the handling of memories 

introduced in [45]. In case the memory size which is available on the device 

is not sufficient for the application, Odin II is capable of combining mul

tiple physical memories in order to create the structures required. In case 

the overhead is not big enough Odin II is capable of creating soft memory 

structures. The decision about what the threshold is between taking a new 

hard memory block and creating soft memory is provided by the developer 
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and can be adjusted as desired [ 45]. 

2.4.2 Odin II Simulator 

Simulation in Odin II was created for functional verification of the Odin II 

result in [31]. It is also targeted to simulate and verify the correctness results 

of further stages in the workflow in future work [31]. 

The simulation is performed using a breadth-first algorithm. It starts 

with the input nodes of the circuit and computes the values following the 

connections. A node is only processed if all parent nodes were updated for 

the current cycle. The breadth-first algorithm terminates once all nodes are 

processed and the output values are determined [31]. Once the algorithm 

terminates the input and output values are stored in a vector file and a new 

cycle can be computed. Input and output vector files are used to verify the 

correctness of a circuit [31]. 

The simulation performance was enhanced and its correctness verified in 

[44]. A speed up of the simulation process was achieved using the OpenMP 

API [1 7]. The simulator of Odin II is capable of simulating soft block logic as 

well as hard blocks or generic blocks which are supported by Odin II during 

the elaboration process. As Odin II is open source, it offers the ability to 

research new hard blocks by adding them to the architecture description and 

describing their functionality in the simulator for testing purposes [44]. 
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Figure 2.10: Processing stages in VPR. The circuit is packed before a timing 
driven placing and routing is performed in consideration of the architecture. 
The final design is tested and statistics in combination with the design are 
collected. Taken from [33]. 
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2.4.3 VPR 

The toolset Versatile Place and Route (VPR) [6] was developed at the Univer

sity of Toronto and is intended "for academic purposes in FPGA architecture 

and CAD research" [33]. VPR performs placing of logic structures on FPGA 

devices and designs routing based on experimental results. In 2011, a beta 

version of VPR6.0 was introduced in [32]. 

Improvements in VPR6.0 are an extended architecture description sup

port and timing driven functionality [ 42]. Packing, placing, routing and the 

specification of architecture are the responsibilities of VPR in the VTR CAD 

flow. The flow structure of VPR is shown in Figure 2.10. 

2.5 Agile Software Development 

The development in this thesis loosely follows the agile software development 

manifesto. As described in [14], the manifesto consists of the following points: 

• Individuals and interaction over process and tools 

• Working software over comprehensive documentation 

• Customer collaboration over contract negotiation 

• Responding to change over following a plan 

The manifesto dictates that functions should not be dependent on the 

tools and libraries which are used during development but rather on the 
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functions which are requested by potential users. Development using agile 

software development is based on use cases from the user's perspective. Use 

cases are functions a user requests from the software. A collection of use 

cases represents sub goals of the project without including technical details. 

In a team which follows the agile manifesto a team member is free to pick 

any use case and develop the functionality underneath it [14]. 

An iterative approach is recommended for agile software development 

projects. The second point in the manifesto prioritizes working software 

over a comprehensive documentation. The benefits of this approach are that 

sub results can be evaluated and the project can adjust its track through a 

dialog with users of the software. The last point of the manifesto dictates 

to change algorithms and functions if it would benefit the result. This can 

also mean to remove parts of the program and use already existing libraries 

instead of developing and maintaining a new implementation [14]. 
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Chapter 3 

Previous Work 

This chapter describes previous developments in the project. The work was 

divided into two research and development reports. Section 3.1 describes the 

development of the basic GUI design as well as the first graphical representa

tion of an Odin II net list. Section 3. 2 shows how Odin II and the visualization 

are connected in order to visualize the simulation process of Odin II in the 

node graph. Each of the sections introduce related work which was needed 

during design and development and shows evaluation results and conclusions, 

which led to the development of the application. All results are published as 

separate reports in [37] and [38]. The work was also presented in [39]. 
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3.1 R&D 1- Visualization Support for FPGA 

Architecture Exploration 

The contribution of the R&D 1 is a tool which visualizes the netlist contained 

in a BLIF file. It aims to assist developers in researching new FPGA ar

chitectures by providing exploration functionalities and visualizing the gate 

level of a Boolean circuit generated by Odin II. 

The Boolean circuit is represented using the Berkeley Logic Interchange 

Format(BLIF [50]). The format is utilized for communication between Odin 

II, ABC and VPR as mentioned in chapter 2. The format is text based and is 

not created to be human readable. It provides a syntax to describe a netlist 

by specifying nodes, its functionality, inputs and outputs. The functionality 

of logic units were not important at this point as no simulation had to be 

visualized by the software. 

Figure 3.1: The basic visualizer workflow. A description file is parsed in 

order to find nodes and connections in the netlist. Those objects are created 

in the object container before they are visualized [37]. 

A BLIF file parser was created in order to find required information in 

BLIF files. Visual objects which represent the structure were created in order 

to show the structure of the netlist in a visual graph. 

One main goal of the R&Dl was the implementation and basic design 
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of the application. "The basic structure of the software had to be specified 

including its classes, factory-classes and communication process. Another 

aspect was to make the graphical user interface as intuitive as possible to 

offer a front end for the CAD workflow, which allows the user to become 

familiar with the results and sub-results [37] ." 

Without such an application developers used the plain BLIF file produced 

by Odin II .in order to explore the structure of the netlist created. Getting 

an overview of a small netlist with as many as 10 nodes using the BLIF rep

resentation is complicated as interconnections are hard to recognize. Actual 

designs processed by the workflow have up to hundreds of thousands of nodes 

which can have millions of interconnections. 

In order to off er functions of the visualization a GUI had to be created. 

Subsection 3.1.1 introduces the basics of GUI development. The framework 

used in development of the visualization before the application design is ex

plained in Section 3.1.2. The R&Dl system design is presented in Subsection 

3.1.3 and the project is evaluated (Subsection 3.1.4). 

3.1.1 GUI Development 

The basic flow of a computer application is shown in Figure 3.2a. The pro

gram receives input parameters, computes a result which is delivered before 

the program is terminated. Advantages of such a program flow is that only 

resources needed for the actual computation are used and the execution of 

the program can be automated to perform on servers or other work stations. 
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Figure 3.2: GUI application flow and classic batch-processing application 

in comparison. A GUI application adds an event loop which waits for user 

directives which have to be processed [47]. 

Disadvantages appear when a human user has to interact with the applica

tion. The user has to know the program parameters and how to advise the 

program. Once a program is started the user usually cannot influence the 

computation. In order to assist the user in interacting with programs GUis 

are developed. A GUI hides the complexity of a program into an intuitive 

graphical interface. 

The structure of an application with a GUI differs from that of a batch 

application (Figure 3.2). An event loop is added to await user commands and 

to start computations. A variety of pre-compiled libraries and frameworks 

are available which assist in development of GUis. An example which is used 

in this project is the Qt fram ework, which is introduced in Subsection 3.1.2. 
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There are four basic ways of evaluating a graphical user interface. The for

mal approach creates an analysis technique which is used for the evaluation. 

Computer evaluation programs are used in the automatic approach, which is 

mostly employed for functional verification. User based approaches use test 

users in order to collect data and the heuristic approach simply evaluates a 

graphical user interface by looking at it [40]. 

The usability of the graphical user interface usually is evaluated using a 

empirical usability testing in laboratory or field testing, by the use of walk 

through testing techniques such as the think aloud test or by employing a 

user interface expert [26]. Reliable results can be achieved having a small test 

user group using both methods [40], however [26] describes that a think aloud 

test encounters less problems during the testing compared to an unguided 

evaluation. 

3.1.2 Qt Framework 

Qt (pronounced cute) was introduced in May 1995 [8]. Qt was published by 

two Norwegian students at their company Quasa Technologies, later known 

as Tholltech [8] and is now Qt Development Frameworks. Qt interfaces were 

used in the development of graphical user interface for programs such as 

Google Earth and Skype [ 46]. 

Utilizing object oriented standards the framework organizes the classes 

included hierarchically. The most general class in Qt is QObject and an 

example for a specific class is QLine. Qt includes 22 modules which can be 
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included for different purposes. The QtGui module for example consists of 

classes which assist in the creation of the layout and structure of a graphical 

interface. Modules which assist in handling of Xml, WevKit, OpenGL, Svg 

can be found as well as others. The Application Programming Interface 

(API) and a list of all modules can be found at the Qt website [41]. 

Even though Qt is developed in C++, many projects created bindings of 

the library in order to create support for other programming languages. At 

the moment Qt development can be done using more than 15 programming 

languages. Examples are Python (PyQt), Ruby (QtRuby) and Lua (QtLua). 

3.1.3 System Design 

Use cases from a user perspective were created in order to create the basic 

design of the application. Functions a user should be able to use were divided 

into two sections: GUI usability and Visualization functionality. Those use 

cases not only dictated the direction during the development stage but were 

also used in order to verify the result. 

GUI usability use cases included functions such as opening a BLIF file 

using a button, being able to highlight modules or connections or to delete 

nodes from the graph shows. Visualization functionality focused on the back

ground processes of the application. Example use cases are that an error 

should be shown in case a BLIF file did not fulfil the format specification 

or that nodes have to be arranged without overlapping. The full list of use 

cases can be found in [37]. 
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The application itself was written in C++ using the Qt framework (intro

duced in Subsection 3.1.2). Classes were used to divide the functions of the 

application in order to maintain future extendibility. Classes for the visual 

objects were created in order to store all information needed. Nodes in the 

netlist are represented by the class LogicUni t and interconnections by the 

class Wire. 

All instances of LogicUni t and Wire are stored in a Container object. 

The class Container offers functions which are used in order to create visual 

objects, arrange them and delete them. In order to create a netlist contained 

in a BLIF file, the Container is given a file name, which is processed using 

the BLIFParser class. 

The GUI is modelled by the classes MainWindow and ExplorerScene. The 

layout of the window, buttons, menus and context menus are defined in the 

class MainWindow whereas the visual graph containing nodes and intercon

nection is represented by ExplorerScene. The main window defines the size 

and position of the ExplorerScene in the user interface layout. 

The division of classes was created in order to allow developers to add 

new functions and improve the BLIF explorer by applying changes in specific 

areas rather than changing big parts of the application. An example would 

be the arrangement of nodes in the visual graph. In order to change it, 

only the Container class would have to be altered and only the function 

arrangeContainer () replaced or a new arrangement algorithm added. 

The visual graph is arranged using a simple algorithm, but the user is free 
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Figure 3.3: The shape of an input node in the visualization [37]. 

to rearrange nodes if required. The wired connections adjust to the nodes 

position automatically. Comfort functions such as highlighting of nodes or 

connection and user comments in the visualized graph were provided. Input 

nodes were created to represent their type using a specific shape shown in 

Figure 3.3. A zoom function allows developers to get a better overview of 

the netlist structure. Figure 3.4 shows the state of the BLIF visualizer after 

R&Dl. 

3.1.4 Evaluation 

The project was evaluated using two strategies. The first was a use case 

based evaluation, which verified how initially defined use cases were matched 

in the application and which should be improved further. The use case based 

evaluation showed that a basic exploration of a netlist was possible. Nodes 

and interconnections were represented in the graph, zoom levels could be 

adjusted and nodes were able to be rearranged and highlighted if needed. 
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Figure 3.4: The state of the application after R&Dl. Netlist nodes and 
their interconnections are shown and arranged as a graph. Input nodes are 
represented by a custom shape [37]. 
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Name Node count Con. count Node time Con. time 
(in sec) (in sec) 

diffreq2 1049 2431 0.1 0.02 

mkSPktMerge 2115 5616 0.02 0.12 

mkSAdapter4B 8249 27385 0.07 1.93 

ht 12157 78683 0.13 68.9 

Table 3.1: Evaluation of file processing and visualization times. The creation 

time of connections grows faster than the creation time of nodes. As can be 

seen a netlsit with 12,157 nodes, 78,683 connections is processed in 69.03 

seconds. The creation of nodes takes only 0.13 seconds of this time [37]. 

The file parser which was developed for the application processed the file 

twice. During the first stage the nodes were created and the second stage 

connected nodes in the netlist according to the structure. Table 3.1 shows the 

processing times according to the node and connection count. For most of the 

netlists tested the times were acceptable but a graph with 12,157 nodes and 

78,683 connections took more than a minute to process. This showed room 

for improvement. The usability evaluation was performed using the think 

aloud testing technique [26]. Four potential users were asked to perform a 

set of tasks and say all of their thoughts out loud during the process. The 

users all had a computer science background and were explained the main 

idea behind the application prior to performing the test in order to make 

sure they understood what the graph represents. 

The task list which the users were asked to follow imitated an exploration 

process which uses most of the functionality provided. File handling tasks 

such as opening and closing netlists were combined with exploration steps in 
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the visual graphs. Users were asked to zoom in and out of the graph, rename 

and highlight nodes as well as to add nodes to the graph. The full task list 

can be found in [37]. 

According to the test results, the main structure and layout of the ap

plication was created very intuitively. The opening and exploring process 

could be performed by all users without major problems. Two out of four 

persons wished for the zoom level to be better adjustable. It was commented 

that instead of having 5 pre defined zoom levels a text field which accepts a 

percentage value would be better suited for the purpose. "One person also 

tried to adjust the level using the combination of holding Ctrl and using the 

mouse wheel." [37] 

The exploration of the visual graph was the source of multiple requests 

by the testing group. The location of the renaming function in the context 

menu was found to be not intuitive during the first use as the function is 

hidden in a context menu. More node shapes representing the functionality 

were requested as well as the ability to simulate a visualized netlist in order 

to explore its functionality [37]. The feedback was considered in further 

development stages described in this thesis. 

3.1.5 R&Dl Conclusions 

In conclusion during the R&Dl, a GUI was developed in order to co-exist with 

Odin II and assist its developers in researching new FPGA architectures and 

improving the tool itself. During the evaluation process developers stated 
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that basic structures needed for exploration are provided but need to be 

extended in order to be useful in the development process. 

Future developments of the application aimed to improve comfort func

tions of the applications as well as improve the missing points found during 

the evaluation. Linking of the visualization closer to Odin II became more 

attractive as Odin II provides functions which would be beneficial during the 

visualization process. The Odin II simulator in combination with the visu

alization would provide the ability to visualize a computation performed by 

the circuit. A visual representation of the simulation process would provide 

a combination of exploring the structure of and functional correctness of a 

net list [ 3 7) . 

Logic blocks types in the circuit are represented using custom shapes. At 

this stage of development, inputs were the only type of nodes represented 

using a custom shape. An improvement of this feature would benefit the 

overview of the circuit by showing different types of logic blocks or hard 

blocks. 

3.2 R&D 2 - Visual Exploration of Simulated 

FPGA Architectures in Odin II 

The goal of the R&D 2 was "to enhance the exploration tool in Odin II by 

adding extended functionality. The main contribution was to include the 

simulation functionality into the software and provide the functions in the 
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graphical user interface." [38] 

Odin II performs the simulation on its netlist data structure. N etlists 

generated using BLIF files or verilog files can be simulated. This project 

mainly focused on the simulation of BLIF files. Input values are assigned 

randomly or using a input vector file provided by the user. 

The initial configuration of all outputs in the netlist is undefined. As 

described in Subsection 2.4.2 the netlist is processed using a breadth-first 

algorithm. Given enough cycles and input values the output states establish 

defined values. The result of the simulation process is an output vector file 

which stores all output values for each cycle. 

3.2.1 System Design 

A connection between Odin II and the visualization was required in order to 

pair Odin II's simulation abilities with the visualization process. Each visual 

node and its corresponding Odin II node had to be connected to create a 

communication interface during visualization runtime. A simulation in Odin 

II is computed in cycle blocks called waves. Results of a complete wave 

are written to the result files which reduces file access times and allowed 

developers to add parallelism to the algorithm [38]. 

Another part of the project was to incorporate feedback gained during the 

evaluation of the R&Dl. This included functions missing which would pro

vide better exploration abilities and create a better overview of the visualized 

netlist. 
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The project was created from a user perspective and implemented using 

a top down approach. Use cases were defined to represent the functions. 

Those could be divided into exploration and simulation. Simulation use 

cases described functions which a user should be able to perform regarding 

the simulation of a netlist. This included the ability to see the current output 

state of nodes as well as the navigation in simulated cycles. The exploration 

use cases focused on functions provided by the visualization such as custom 

node shapes, highlighting functions or a short file processing time. The 

complete list of use cases can be found in [38). 

Two software designs were implemented in order to establish a connection 

between Odin II and the visualization. The one with the better performance 

was determined and chosen for the application. The software design created 

during the R&Dl "was changed by adding a new module which includes 

Odin II. Odin II is utilized for all functions regarding the circuit except for 

the visualization itself. This means parts of the initial application were not 

used any more and had to be discarded" [38). 

3.2.2 Evaluation 

A connection between Odin II and the visual component was created. The 

file handling is performed by Odin II and the BLIF parser which was part of 

the visualization was discarded. Visual nodes are created based on the Odin 

II netlist. Each visual node is connected to its counterpart in Odin II. 

The layout of the application was changed in order to provide simulation 
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control functions. The user can start a simulation computed by Odin II and 

represented in the visual graph. The simulation control panel provides the 

functions Start, Next Cycle and Previoius Cycle which allows developers to 

navigate in the simulation cycles. 

Simulation cycles are computed dynamically. Pressing the start button to 

initiate a simulation creates one wave length of cycles. The wave length is 

a parameter which can be changed in Odin II's Makefile. In case the user 

navigates to a cycle which does not exist, a new wave is simulated. 

The LogicUni t class was extended by additional types of nodes. All types 

were designed according to standard shapes which allow one to recognize the 

logical structure of the circuit in small zoom levels without reading the names 

of the nodes. Figure 3.5 shows all visual shapes added during the R&D2. 

Functions requested by developers such as a search-node-by-name function 

were added in order to provide navigation utilities in large netlists. A function 

which highlights the connections to parents and children of a node provides 

a better overview of the position of a specific node in the netlist [38]. 

As Odin II is utilized for the netlist creation the flow of the application 

does not require a separate BLIF parser (Figure 3.6). This affects the pro

cessing times which are shown in Table 3.2 

A think aloud test was performed with five persons in order to evaluate 

the usability of the visualization component. All persons were students in 

Computer science. The tasks list provided to each user was the following 

[38]: 
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Figure 3.5: Shapes implemented in the vizualization during R&D2. Each 

shape represents the type and therefore the function of the node. Using the 

shapes a user can get an overview of the gate level of the netlist without 

analyzing the name of the nodes. [38] 

Receive Filename 
Start Odin II and Receive Odin II Create Nodes and 

and Path --+ Read in the BLIF --+ Node Table 
f----+ 

Connections 
file 

Figure 3.6: "Visualize graph using Odin II file parser. The visualization does 

not require a BLIF file parser but uses Odin II for the netlist creation. The 

netlist is later passed on to the visualization and the visual representation is 

created [38]. 
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Node count Connection count Processing time 
26 43 O.Ols 
66 139 O.Ols 
708 1676 0.04s 
918 2150 0.05s 
1537 3692 0.12s 
2328 5872 0.15s 
3354 8654 0.26s 
5027 12900 0.43s 
10876 35814 4.12s 
23757 96733 23.76s 

Table 3.2: File processing times using a combination of Odin II and the 

visualization. In comparison to results of the R&Dl the processing times have 

decreased. A netlist with 12,157 nodes 78,683 connections was processed in 

69.03 seconds after R&Dl. Using Odin II for the file processing reduced the 

time to 23. 76 seconds for a netlist with 23,757 nodes and 96,733 connections 

[38]. 
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• Open a specific BLIF file 

• Change the zoom level to 50% 

• Arrange the netlist as desired 

• Highlight a node with all of its connections 

• Start the simulation 

• Navigate the simulation to cycle 30 

• Search for the node with the name FF _NODE-34 

• Explain the simulation state of the node 

• Close the application 

The users showed that basic exploration functions are provided intuitively. 

Inexperienced users can open files and navigate in the visual graph without 

major problems. The highlighting function which is provided in the right click 

context menu was not found immediately but after a little experimenting by 

two users. The naming of the node search function caused some users to not 

recognise the functionality it offers. 

The simulation panel was used by all users as intended. The simulated 

graph was understood by most users but different colors caused the users to 

wonder what exactly they mean. One person who was testing the simulation 
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suggested to add a legend which explains the meaning of colors in the sim

ulation panel. The state of the visualization component after the R&D2 is 

shown in Figure 3. 7. 
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Figure 3. 7: R&D2 simulated visual netlist. The simulation is performed 
by Odin II. The states of all outputs are communicated to the visual
ization and represented using the color and the width of a connection. 
(green=undefined, yellow=undefined and highlighted, red=defined and high
lighted, black= defined) 

3.2.3 R&D2 Conclusions 

This section described the improvement of the visualization component in 

Odin II. A connection between the component and the visualization data 

structures was created in order to provide the Odin II simulation function 
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in a visualized netlist. The functionality of a visual graph can be explored 

and verified. The benefit include the ability to inspect the functionality of a 

specific node which is not possible using Odin II command line options [38]. 

Highlighting functions and a search-by-name function were added to the 

visualization in order to improve the usability of the application. Additional 

node shapes allow developers to explore and understand the structure of a 

netlist in smaller zoom levels [38]. 
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Chapter 4 

System Design 

This chapter describes the design of extensions of Odin II and its components. 

It is divided into multiple sections as different features of the visualization 

software and Odin II were improved. Each sub section defines the use cases to 

be fulfilled. Use cases are analysed with regard to available structures which 

can be extended or parts which have to be added from scratch. The realiza

tion of the planned approaches are shown using the same section structure 

in Chapter 5. 

4.1 Multiple Clock Support 

FPGA applications with multiple circuits are very common. There are dif

ferent reasons for the use of multiple clocks. A very common reason is the 

capability of FPGAs to contain multiple completely independent circuits. 
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Each of the circuits can use its own input clock in order to produce results 

with different frequencies. Another example is an application consisting of 

multiple modules. Each module can create a sub-result using its own clock, 

before all results are synchronized using a synchronization clock and used 

by a different part of the application. For example, two modules connected 

where one module operates at 50 MHz and another at 100 MHz. 

As can be seen in Figure 2.9, the flow of Odin II has two paths which lead 

to the creation of a netlist. One requires a verilog description. The second 

one a BLIF file. The path from the verilog side creates an AST which is 

transformed into the netlist. The BLIF file already describes a netlist, which 

can be translated to the Odin II internal data structure. 

Both paths have in common that clocks are treated as regular input for 

the circuit. There is no difference between an input which transmits data and 

the input which indicates the clock state. This requires Odin II to determine 

which inputs must be clock inputs. The current state of Odin II is capable 

of handling this determination for soft logic circuits. It uses the fact that the 

only structure which requires a clock in a soft logic circuit is a flip flop. The 

algorithm which creates nodes keeps track of all flip flop nodes created by 

storing the flip flops in a table. Once this process is complete or the BLIF 

file is parsed in and the netlist is created, the flip flop table is iterated in 

order to promote nodes connected to the elk input to a clock node. 

The goal for this project was to enhance the multiple clock support by 

adding the following use cases: 
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• Discover clocks connected to hard blocks 

• Simulate multi-clock circuits with different clock frequencies 

• Visualize multi-clock netlists 

• Allow the definition of clock frequencies in the visualization 

• Allow the exploration of the simulation process with multiple clocks 

When Odin II was extended to support hard blocks, the detection of clock 

nodes was not changed. Clock nodes which are connected to memories are 

not recognized. A workaround in the Odin II simulator was able to detect 

a clock node which is not connected to a flip flop in a very specific case. 

Before simulating the circuit, the name of a node is checked in order to find 

out if the node is a clock node. One specific string was defined to be able 

to be connected to a memory and be translated into a clock node during 

simulation: top .. elk. This creates multiple difficulties. 

In case a node is named top"clk but represents a different function than 

a clock it would still be treated as a clock. The counter part is that clocks, 

which are connected to the elk input of memories but are not connected to 

any flip flops are not be recognized as such which cause difficulties during 

simulation as well as during exploration. 

A solution is to create a list of all memories (currently single port and dual 

port memories are supported) and to iterate through this list in the same 

fashion as it is done with flip flops in order to promote all nodes connected 
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to the clock pin of a memory to clock nodes. The connection structure of a 

flop flop and a single port RAM is shown in Figure 4.1 

D_in 
Flop Flop 

out 

elk 

SP RAM 
data 
we 
addr 

elk 

out 

Figure 4.1: A simple D-Q flip flop and a single port RAM. Inputs marked by 

a triangle are the clock inputs. They are used in Odin II in order to find clock 

nodes. After creating the netlist all nodes having a clock input are processed 

and nodes connected to this input are promoted to be a clock node. 

The simulation was written to perform a cycle based simulation having one 

clock. During the simulation of each cycle in case a clock node is encountered, 

the output value of this node is determined by the following simple algorithm: 

if(is_even_cycle()) 

output= O; 

else 

output = 1; 

In case the netlist includes more than one clock each of the clock nodes are 

processed by this algorithm and therefore have the same behaviour. Different 

problems were encountered in order to change this structure. The node 
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structure does not allow the specification of a clock ratio. Furthermore the 

simulator performs a discrete cycle based simulation. The falling edge of 

the clock in the simulator is a sign to assign new input values either using 

the currently defined input vector file or by generating new random values. 

Having multiple clocks requires a definition at which points new input values 

are applied. There are different ways to deal with this problem. Possibilities 

are to define one master clock, which runs the fastest and defines the speed 

of all other clocks. The edge of this clock is used in order to load new input 

values. 

Another possibility is to allow clocks to run completely separately. Each 

clock would be able to have its own frequency and an offset which would 

define an order of clock ticks. The simulator would compute all times when 

a clock changes its state and load new input values from the vector file. The 

benefit of this approach is the flexibility and a bigger variety of circuits. The 

down side of it is the complexity to create the input vector file. The user 

would have to compute the order in which the clocks tick and create the 

vector file accordingly. 

In this project the development focuses on the first approach. Having 

one master clock which determines the loading time of input vectors and 

synchronizes all clocks. The frequency ratio of each clock which is not the 

master clock are be defined in the data structure of the node. In this project 

the ratio is restricted to be an integer. Using this approach a first step 

toward complete flexibility is made without rewriting the main structure of 
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the simulator. 

4.2 Simulation of Generic Structures 

The goal of this thesis is to visualize the changing structure of the netlist 

in the VTR flow. As described in Chapter 3 the application can be used 

in order to visualize the changing structure of BLIF files created by Odin 

IL A BLIF file can be created using soft logic or using different architecture 

files in order to see how the structure changes by adding hard blocks to the 

structure. An ability to visualize and simulate a BLIF file produced by later 

stages of the VTR flow was previously not tested or verified. 

The use cases designed for this part of development are: 

• Read in and simulate BLIF files post ABC 

• Evaluate the correctness of ABC BLIF simulation 

• Visualize post ABC BLIF 

• Explore step based simulation of post ABC BLIF 

4.3 Visual Activity Exploration 

In 2012, [21] introduced an ability of the VTR flow to estimate activity in 

order to compute an approximate power consumption of the circuit. The 

project uses ABC and VPR in order to create three statistical values. Static 
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probability represents the likelihood that a pin has the value high, switching 

probability is the probability of the pin to change its value and the switching 

activity is a value representing how much activity a pin shows between clock 

cycles in order to establish a stable state (glitching). 

Those three values can be created using two methods: theoretical analysis 

and simulation based activity estimation. The approach described in [21] 

uses ABC to simulate the circuit in order to create the base values for the 

activity estimation. ABC is not capable of handling hard blocks. During the 

minimization process ABC processes soft logic contained in the netlist and 

simply ignores hard block structures. Input and output pins of hard blocks 

are promoted as primary output and input pins respectively of the overall 

circuit. This results in two outcomes: activity calculations for the circuit 

are not totally accurate and hard block power consumption is omitted from 

the calculation. Thus, activity estimation for circuits containing hard blocks 

does not provide an ideal power analysis. 

Developers in Odin II are aiming to use a simulation based approach. 

In order to create the values needed for activity estimation, the Odin II 

simulator is utilized. Hard blocks which are supported in the VTR flow 

can be simulated and realistic simulation values can be created in order to 

estimate the activity of a circuit. The result of this estimation is the three 

probabilistic values for each node. A goal for this project was to use this 

information in order to visualize the activity in the node graph. 

In order to provide the functionality to the user new structures have to be 
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created in the visualization and a new communication interface with Odin II 

has to be established. The use cases describing the functions requested are 

the following: 

• Change the view to Activity Estimation 

• User can chose between the three probabilities 

• Represent the activity values using color 

The layout of the visualization has to be changed slightly in order to off er 

the new functionality. A new activity tab has to be created. There are two 

ways which allow the visualization to access the values. The first possibility 

is to iterate through all nodes and request the values for all pins before the 

information is stored in the visualization data structure. This would mean 

each value is stored twice. One copy in the Odin II netlist and one in the 

visualization netlist. As the size of netlists can grow very large and activity is 

estimated for each pin the amount of values stored would become very large. 

A more effective way of accessing the values is to use the fact that each node 

in the visual graph offers a reference to its corresponding node in the Odin II 

netlist. Every time the user requests activity estimation only the requested 

value is retrieved from the Odin II side in order to change the appearance of 

the wires connected to the pin. The value should not be stored furthermore. 

In addition, only values of visible nodes in the graph are be processed. This 

reduces the amount of communication and speeds up the process. 
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Activity is based on simulation of a specific number of cycles in order to 

establish realistic values. This amount can be estimated by the user. This 

requires a field where the user chooses how many cycles should be simulated 

before the activity values are requested and visualized. The communication 

structure is shown in Figure 4.2. 

Activity Visualization 

Visualization Simulator 

Get 
Simulation 

Cycle Count 

I ... Perform 
- Simulation 

Request I Activity --, 

Values 

I Send 
... Requested ... 

Data 

Visualize 
.6 I 

Activity 
·~ 

Figure 4.2: Communication process during activity visualization. Given the 
number of cycles for activity estimation, Odin II creates the probabilities 
needed before they are transfered to the visualization. 
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4.4 Hierarchical N etlist Representation 

Chapter 3 described that the gate level of a circuit can be visualized and 

simulated using the visualization software and Odin II. Getting an overview 

of a netlist with thousands of nodes even in a low zoom level is not a trivial 

task. Being able to group structures to expandable modules would lift the 

exploration to a higher level and allow developers to see the modular structure 

of a circuit. In case a specific module needs to be inspected the modules 

should be able to be expanded. 

Odin II supports modules. They are created during elaboration and the 

information is stored in the node name. This is done as the definition of 

the BLIF format does not allow storing additional information except for the 

name, interconnections and the look up table for a node. This means that 

hard blocks cannot benefit from this. According to the BLIF format a hard 

block does not have a specific name. It only defines which kind of hard block 

is created and how it is connected to the rest of the circuit. 

This thesis describes the development of a module view for soft logic 

circuits. The Odin II naming convention is used in order to create modules. 

The approach aims to minimize the amount of objects created in comparison 

to previous results. Use cases which guide the development are listed below. 

• Modules should be created if available in the netlist 

• Modules should be expandable 
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• Nodes contained in a module should not be shown in visual graph unless 

the module is expanded 

• Connections within the module should not be visible 

• Incoming and outgoing connections of the module are to be reused 
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Chapter 5 

Implementation 

This chapter describes the realization stage of the project. It shows algo

rithms, implementation details and explains problems encountered during 

the development. The chapter is divided into sections based on problems 

discussed in Chapter 4. In addition, Section 5.5 describes the improvement 

of the visualization by adding additional comfort functions and refining avail

able functionality according to requests and comments given by developers 

who are using the tool. 

5.1 Multiple Clock Support Implementation 

As described in Section 4.1, multiple states of the application flow had to 

be adjusted in order to establish support for multiple clocks. The stages 

are netlist generation, simulation and visualization. N etlist generation is 
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performed from two different points in Odin II. They can be created based 

on an AST (result of the verilog elaboration) or based on a BLIF file. Both 

flows were added with new containers which store references to memories. 

Once the netlist is created t he clock discovering stage processes flip flops 

and memories in order to find nodes which are connected to their elk pin. In 

case the node is not a clock node the type is changed accordingly. This be

haviour assumes that no asynchronous structures ( example shown in Figure 

5.1) are defined in the netlist and only clocks are connected to clock pins. 

FlipFlopl Aipflop2 

Figure 5.1: An example for an asynchronous circuit. Clock inputs are con
nected to not clock nodes. This structure is not possible using the clock 
determination process in Odin II. 

Once clocks are discovered they can be configured. A prompt parameter 

allows the definition of ratios of the clock node. The syntax is the following: 

./odin_ii.exe -C clockname1=ratio1;clockname2=ratio2[ ... ] 
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Each clock node stores its ratio inside the data structure. The parameter 

string is not processed unless a simulation is requested. Prior to the simula

tion the string is processed by adjusting the ratios of all clock nodes. During 

the simulation in case a clock node is encountered the clock output is toggled 

only in the case the ratio is the multiple of the cycle number. 

On the visualization side, the clocks are configured once the user requests 

a visual simulation by clicking the Start button. A table with clock names 

and paired text field is displayed and the user is able to enter any integer 

values for each clock. Once the user confirms the input, node ratios are 

passed on to the Odin II data structure and the simulation process begins. 

The clock configuration window is shown in Figure 5.2. 

5.2 Simulation of Generic Structures Imple

mentation 

During elaboration Odin II creates a netlist based on an Abstract Syntax 

Tree (AST). The name encodes information about the origin of the node, 

its module, node type, unique id in the netlist etc. The information is useful 

in debugging as it indicates which lines of verilog code are responsible for 

creation of the specific node. The name is used in Section 5.4 to determine 

the module of a node. In addition, the name is used in order to speed up the 

read-in process of BLIF files. 

A BLIF node declaration implements the following convention: 
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.-.. Clock Configuration 

1 top,..Clock1 

2 top"Clock2 

top"'Clock3 

lock Ratio 

OK 

Figure 5.2: Clock configuration window in the visualization. All clocks are 
list ed in the left part of the window. Clock ratios can be defined in the right 
column. 

64 



.names <in-1> <in-2> ... <in-n> <output> 

<single-output-cover> 

The key word . names indicates that a soft logic node is being declared. 

All words except for the last one which follows after the key word are inputs 

of this node. The last word in the declaration line (<output>) is the name 

of the output and the name of the node itself. The structure only allows one 

output per node. The declaration is followed by a bit map representing the 

L UT of the node. The syntax for the lookup table allows one to define input 

constellations followed by a blank space and followed by an output value. 

Legal input values are 0, 1 and -. The character - indicates that in this case 

Load BLIF 

Read Node 

Set Type By 
Name 

Yes 

Set Type By 
Bitmap 

Yes 

Generic Node 

Figure 5.3: Simplified read BLIF flow in Odin IL Three processing stages are 

created in order to find the type of a node. The name is analyzed first before 

the truth table of the node is considered. In case the previous stages cannot 

determine the type of the node it is defined as a generic node and the truth 

table is saved for simulation purposes. 
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the state of this input does not influence the output value. The convention 

is that in case no line in the L UT is matched, the output is 0. An example 

of a logical OR node with 3 inputs is shown below: 

.names in1 in2 in3 LOGICAL_OR-1 

1-- 1 

-1- 1 

--1 1 

Odin II encodes the type of nodes in their name. This behaviour is Odin 

II specific and does not apply to later tools in the CAD flow. Figure 5.3 

shows the simplified flow of the read-in BLIF procedure in Odin IL In order 

to save computation time the name of a node is used as the first indicator for 

the type of a node. In case the name matches the Odin II naming convention, 

the bit map of the node declaration is not processed which results in faster 

creation times. 

In case the name convention is not recognized the bitmap of the node 

is processed. During this stage the algorithm matches the bitmap to pre 

defined templates in order to determine the type of the node. The number 

of templates is very limited. Most of the functions are only recognized if 

the exact copy of the template is the declaration of the node. This means 

it is not scalable. An ADDER_FUNC in Odin II for example always has three 

inputs and one specific declaration of the bit map is recognized even though 

multiple definitions are possible as lines could be switched. 
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Some structures are recognized no matter how many inputs are available 

as the template matching is defined as an algorithm based on the number 

of inputs. Structures which can be recognized having a variable number of 

inputs are LOGICAL_OR, LOGICAL_NAND and MUX_2. In case the node type is 

recognized, the bit map is discarded and the simulation uses the type of the 

node to compute its value. 

In case both matching algorithms could not determine the type of the 

node the type remains GENERIC_NODE. This causes the node to store the bit 

map for simulation. The bit map is stored as an array of chars which can 

be split up using the number of inputs. Each time the simulation processes 

a node of type GENERIC_NODE it computes if the input values of the node 

match a line in the bit map in order to find its output value. This procedure 

is slower than the simulation of a node without a stored bit map as Odin 

II simulates the behaviour of known node types without the use of a truth 

table. 

The benefit of this structure is that almost every node created by Odin II 

matches a type which can be recognized by its name. The procedure benefits 

a lot from this fact. The creation of the netlist is performed very quickly by 

only processing the declarations of nodes and the simulation does not require 

performing character matching in order to compute the values of a node for 

each cycle. The down side of this is the limitation it brings. 

This fact can be seen from different perspectives. In case the BLIF file 

contains nodes which appear to be named by the Odin II naming convention 
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but do not follow its behaviour the simulation returns a wrong result for 

this node as the bitmap is not processed. In case the name does not follow 

the convention and the bit map is not matched to one in the data base the 

simulation uses it even though it might be able to know how to compute the 

node. 

These facts show that the procedure shown in Figure 5.3 cannot be used 

.to read in and simulate BLIF files produced by any tool except for Odin II. 

In order to establish support for BLIF files created by ABC the flow had to 

be altered. The procedure is kept as it is in case an Odin II BLIF is read 

in. If this fact is not given or the developer is not sure if Odin II produced 

the BLIF or not, Odin II can be advised to ignore naming and skip the first 

stage of the flow. Different measures were taken in order to reduce simulation 

time. 

Templates of logic with three inputs were replaced by algorithmic de

scriptions of nodes. This allows the bitmap to be in any order as long as all 

cases which create the output 1 are defined, the type is matched and used 

by the simulation. The algorithmic descriptions of nodes which have the 

same amount of bit map lines as inputs were extended by adding algorithmic 

descriptions of node types LOGICAL_NOR, LOGICAL_AND, LOGICAL_XOR and 

LOG ICAL_XNOR. 

This creates templates for all soft logic structures which are supported in 

Odin II. The expected result for the new flow is that the time to read in the 

BLIF file should be longer than reading in a file created by Odin II, but the 
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time needed to simulate the structure should not be affected to a big extent. 

The resulting implementation is discussed and evaluated in Chapter 6. 

5.3 Visual Activity Exploration Implementa

tion 

Section 4.3 discussed the basic communication process between the visual

ization and Odin II in order to present activity estimation values to the user. 

As visual activity estimation shows information about the complete netlist 

the access to the visual data structure should belong only to the simulation 

or activity estimation. This is considered in adding the new functionality to 

the GUI layout. It is possible to access either controls of the simulator or 

the activity estimation at the same time. The activity estimation control tab 

consists of three buttons and one text field. The text field accepts an integer 

value representing the number of cycles to be simulated before activity values 

are shown. 

At the moment the input values are generated manually and in case the 

user desires to use a input vector file which provides the required amount of 

input vectors the parameter can be set in the source code. Values which are 

created during the activity estimation are not stored in the data structure in 

order to increase the performance. This decision was made due to the fact 

that developers usually explore a small amount of cycles visually whereas 

activity estimation becomes more accurate with an increasing cycle number. 
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The representation of the probabilities of the activity estimation module 

is normalized to range between the values O and 255. This parameter is used 

to change the color of all connections of the output pin processed as shown 

in Figure 5.4. The color for low probability is chosen to be green. A high 

probability is represented by the color red. The formula used to determine 

the sub stages is the following (pseudo code): 

QColor getActivityColor(pin outputPin){ 

//activity ranges between O and 255 

int activity= outputPin->getActivity(); 

return QColor(activity, 255 - activity, O); 

} 

5.4 Hierarchical Netlist Representation Im

plementation 

The module view in the visualization is one of the few parts which does not 

require any communication with Odin II. According to the Odin II naming 

convention the character + in the name of a node indicates that the node is 

part of a module. The description of the naming convention is the following: 
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Figure 5.4: Visual activity estimation exploration. Values computed by Odin 
II are visualized using the color of connections. Red symbolizes a very high 
probability and green very low probability. There are 255 sub stages inbe
tween which indicate the value. The control panel of the activity estimation 
is shown on the left side of the application. 
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{previous_string}.module_name+instance_name~signal_name-bit 

{previous_string}.instance_name~signal_name-bit 

As can be seen in the description the module name is encoded between 

the characters . and+. In case no module is available no+ is included in the 

name. During the creation of the visual counterparts of the Odin II netlist, 

the node names are analysed and in case a node is part of a module a separate 

creation flow is activated. The flow is shown in Figure 5.5. 

No 

Add Node to 
Module 

Create Module _____ _, 

Reference 
Module In Node 

Figure 5.5: Module creation flow. The name of a node is analyzed in order 

to find the module name. The module creation routine is only accessed if 

modules are existant in the netlist. 

During this procedure modules are created visible and nodes included in 

modules invisible. Connections are not shown if both end points are part of 

one module and both invisible. This still shows connections between modules. 

In case a connection is visible but one or both end points are not, a reference 

to the module is requested from the invisible node and the position adjusted 

accordingly. This decreases the number of objects. Connections have to be 

created only once and can be used in the collapsed and the expanded view. 
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A shape for the module view is included in the visualization. The right 

click context menu was extended by the function extend/ collapse which 

switches between module and the included nodes. The user is able to expand 

only modules of interest and leave parts of the netlist collapsed if desired. 

The functions collapse all and expand all were added to the window menu. 

Modules represent the activity estimated for the nodes it containes. The 

shape of a module is filled with the color representing the average activity of 

all nodes in a module. 

- - - Circuit Explorer - /homefkons/D0cuments/odin-11-read-only/ODIN_ll/blifs/bm_dag1_log_mod.v.bl1f 

Odin Open BLIF • [i Cl ~ 'O" ~ T 
r ... 60% ~ » I Ubuntu 1 • >) .. 

Tools 

@] 03 
LogicUnit MUX 

lol 10 1 
Input ADDER 

@] [a 0 
Latch CARRY 

I~ [I] 0 dock Hard ADD 
( -·· .. --··-·- -

Simulation 

Power Estimation 

Figure 5.6: Modules in a visualized netlist. The shape indicates that multiple 
nodes are represented by one object. Module nodes are expandable. 
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5.5 Comfort Functions 

Based on requests and comments of the developers in Odin II and VPR 

multiple comfort functions were added in order to provide better support in 

navigation of the visual graph. As requested during the evaluation process 

a legend was added to the simulation layout which explains the meaning of 

colors. In addition developers commented on the representation of output 

states in the visualization. The states low and high previously were repre

sented by the width of the connection whereas developers requested them to 

be indicated by different colors in order to maintain a better overview and 

differentiate them in smaller zoom levels. 

The shape support of the application was extended. In the previous state 

of the application only part of the soft logic gates were represented using 

a custom shape. New shapes were created and incorporated into the visu

alization. This includes more soft logic gates as well as hard logic such as 

memories, multipliers, hard adders and subtractors as well as a node rep

resenting a module. In total 19 different shapes are now included in the 

visualization. Figure 5. 7 presents the collection of supported shapes. 

The search function was refined. Previously the search function simply 

highlighted all matching nodes and informed the user about the number of 

nodes highlighted. The new version of the search function centers the user's 

view on the first node found during the search. This saves developers time 

as they do not have to look for the highlighted node of interest. 
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OODUD 
Generic Node Input Flip Flop Clock Logical AND 

DDODD 
Logical NAND Logical OR Logical NOR Logical XOR Logical XNOR 

Adder Function Carry Function Logical NOT Multiplexer Hard Multiplier 

Hard Adder Hard Subtracter Hard Memory Module 

Figure 5. 7: Individual shapes in the visualization. The shape represents two 

properties of the node. The border of a node represents if the node is a soft 

logic or a hard logic node. Hard logic nodes have a tripple solid line border. 

Soft logic blocks only a single solid line. The shape of the node represents its 

type and functionality. A special case is the module shape which represents 

multiple soft logic nodes. 
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A developer requested new exploration features by presenting a scenario 

which occurred in development of Odin II. A specific Verilog file could not be 

simulated as it had an illegal cycle in the netlist. The node which could not 

be updated was known and Odin II attempted to show the cycle by printing 

names of nodes which are part of it. The developers wondered if it would be 

possible to assist in debugging this problem using the visualization. 

Two features were added in order to simplify the navigation in such a 

case. A function called Show Node and Neighbours Only was created. The 

function hides the graph and leaves only the selected node and its parent 

and child nodes visible. The arrangement algorithm was adjusted in order to 

process the netlist based on visibility and ignore invisible nodes. Each time 

visibility is changed, the alignment algorithm readjusts the graph. 

Two more visibility functions were added which allow users to add parent 

or child nodes of a selected node to be added to the visible graph. Using those 

functions. The graph can be traversed and paths of interest can be followed. 

A feature Show relevant graph which combines the visibility functions was 

added. Its purpose is to present only structures of the graph which influence 

the selected node or are influenced by it. In case a specific node needs to be 

debugged only the relevant sub tree can be visualized. This feature does not 

negatively affect any other functions such as modular view or simulation. 

In addition the Highlight node and connections function was changed to 

highlight incoming and outgoing outputs using different colors. This allows 

the tracking of paths and find illegal cycles if needed. 
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5.6 Further Improvements 

Besides the goals described in Chapter 4, changes to Odin II, its simulator and 

visualization were made in order to extend functionality or to increase com

fort by reducing processing times. This section describes the improvement of 

file processing times during visualization and describes the implementation 

of two state logic simulation in Odin II. 

5.6.1 Visual Netlist Creation Improvement 

The file processing and netlist creation time of the visualization was analysed 

with the conclusion that very large netlists suffer from a long connection 

creation time. Even though hash tables are used in order to store node 

references, the look up time of connection end points in netlists with more 

than 100,000 nodes is high. In addition circuits of this size have a very 

large number of connections. The biggest netlist used for benchmarking and 

verification in the VTR CAD flow has more than 400,000 nodes and more 

than 1,400,000 connections. This makes a total of 1,800,000 visual objects 

which have to be created in addition to the Odin II data structures. 

Even though visualization of such a large circuit is uncommon, the pro

cessing time was tested. The creation of all nodes required only 43 seconds. 

The reasons for such a fast processing time are the Odin II BLIF parser which 

only considers node declarations and the fact that no lookups are needed in 

order to create the visual node. 
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Even though the nodes are created very quickly, the connections required 

a very long time. In order to create 500 connections the algorithm needed 25 

seconds. For 1,400,000 connections the creation time would be more than 19 

hours. In order to speed up the process, the connection creation algorithm 

was rewritten. The old algorithm traversed the netlist starting with the input 

nodes and moving through the netlist using connections which are created. 

This algorithm has a lot of security measures in order to make sure a 

node is only processed if all parent nodes are available. This process is not 

necessary as it is only important for the creation of the nodes itself. By the 

time connections are created, the netlist was already traversed and all nodes 

were created. 

Therefore the algorithm was changed to a simple iterator on the node hash 

table. Each node is processed once and all output connections are created. 

Even though the connection creation times decreased by about 10%, the 

result still leaves room for improvement. Further testing showed that the 

amount of nodes is significantly responsible for the connection creation time. 

Circuits ~th only 20,000 nodes need less than 2 seconds for 500 connections. 

5.6.2 Two State Logic Simulation in Odin II 

During the testing of improved generic node simulation, problems with the 

simulation were encountered as output vectors which were produced using 

the BLIF file did not match expected values. Reasons for this behaviour 

were described in [44]. ModelSim was used in order to verify the correctness 
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of Odin II's simulation. ModelSim works with a three stated logic. Before 

simulation of a circuit is computed all pins have the value unknown. The 

state symbolizes that it cannot determine with a 100% probability which 

state the pin is in at this point of simulation. Using input values a stable 

state in the circuit is established and output values are computed. This 

creates some special cases which can be treated in different ways. 

An example is an if statement where parts of the condition have the value 

unknown. Possible solutions are to treat the condition as failed and apply 

the else rule. Another possibility is to define the outcome of the whole 

procedure unknown as parts of required parameters are unknown. ModelSim 

treats this case using the first method. The else directive is favoured in case 

the condition is unknown. The Odin II simulator acts the same way, but this 

is only possible in case a verilog source file is simulated. Once a netlist is 

generated if statements are translated to multiplexers which do not indicate 

the else directive as there is no connection between the source code and the 

gate level. 

During verilog elaboration Odin II has the connection between the source 

code and the netlist and is able to flag structures as the else directive. Sim

ulating a BLIF file does not provide such a possibility. In order to verify 

the correctness of BLIF simulation, the simulation structure had to be up

dated. To avoid corner cases as described earlier the simulation initializes 

the netlist with the defined value 0. A flag changes this setting in order to 

provide a tool for verification against ModelSim. Once the correctness of the 
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simulation was verified using Mode1Sim, new output vectors simulating the 

same benchmarks using the same input values were generated. Those output 

vector files were used in order to verify that the results match against the 

simulation of BLIF files created using the same benchmark source files. 
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Chapter 6 

Evaluation 

The evaluation chapter presents the results from the verification process of 

the thesis. It presents results, tests the GUI and discusses benefits and 

improvements of the projects as well as shows room for more improvement 

in the future. 

The chapter is divided into three main parts. Section 6.1 builds the con

nection between use cases defined in Chapter 4 and the implementation of 

the different goals in the project. The usablility of the improved Graphi

cal User Interface (GUI) is evaluated using the think aloud usability testing 

technique. The structure of this test and the discussion of the results can be 

found in Section 6.2. The machine used for the evaluation has an Intel Core 

i7-720QM processor (2.8 Ghz) with 4GB of RAM. The operating system used 

was Ubuntu 12.04 and the Qt version was 4.8.1. 
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6.1 Use Case Based Evaluation 

This section evaluates the results of the thesis based on the use cases pre

viously defined in Chapter 4. The section follows the same topics structure 

and discusses different changes to the visualization and Odin II separately. 

Results are presented, interpreted and future work possibilities discussed. 

6.1.1 Multiple Clock Simulation 

Use cases defined: 

• Discover clocks connected to hard blocks 

• Simulate multi-clock circuits with different clock frequencies 

• Visualize multi-clock netlists 

• Allow the definition of clock frequencies in the visualization 

• Allow the exploration of the simulation process with multiple clocks 

In order to establish multi-clock support Odin II's netlist creation flow 

was changed to discover clocks connected to memory hard blocks. Previ

ously clocks were only found in case they were driving a flip flop node. The 

constraint that no asynchronous circuit is possible in the netlist was main

tained. 

The node structure in the Odin II netlist was adjusted in order to allow 

different clock rates. Each clock stores its ratio compared to the master clock. 
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As the ratio of every clock in the cycle can be changed, the master clock is 

a virtual clock. Its rate only creates discrete points at which the simulation 

reads in or generates new input values and computes the current state of the 

circuit. The simulation of clocks was changed from the behaviour to toggle 

each cycle to compute the current state based on the cycle number and the 

ratio stored in the node itself. This improves the general simulation structure 

without the need to rewrite the procedure in order to provide multiple clock 

simulation abilities. 

As defined in the third use case the visualization allows users to define 

clock rates by manipulating ratios before a simulation is initiated. A configu

ration window listing all clock nodes and their configurable ratios is presented 

to the user in case he presses the Start button in the simulation control tab. 

The correctness of the cycle based simulation was tested using 10 short 

verilog benchmarks. The ratios of clock were defined and 100 cycles were 

generated. The output vector files were stored as was the Mode1Sim input 

configuration. The files were used in order to simulate the circuit in Mod

e1Sim and output values were matched against each other. Also, the wave 

forms of clocks was examined visually in order to verify the correct ratios. 

The structure as it is provided at the moment can be used in order to 

simulate synchronous clocks of theoretically any frequencies desired. As the 

master clock is a virtual one, ratios can be modelled to create any desired 

clock rates. A simple example is a circuit with two clocks clk01 and clk02. 

In case the developer desires clk01 to run at the frequency of 3Hz and clk02 
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at 5Hz, it can be assumed the virtual master clock, which defines the discrete 

simulation points runs at 15Hz. The ratios for the clocks can be defined as 

5 for clk01 and 3 for clk02. 

This configuration toggles clk01 every 5 cycles which is according to the 

virtual clock assumption 3 times per second and clk02 every 3 cycles which 

is 5 times per second. Future work can extend this process in order to 

store an offset for every clock in the node struct in order to provide more 

functions for experiments. The ratio finding process can be created to accept 

frequencies as parameters and to compute the least common multiple based 

on the frequencies and offsets provided. 

6.1.2 Generic Structure Simulation 

Use cases defined: 

• Read in and simulate BLIF files post ABC 

• Evaluate the correctness of ABC BLIF simulation 

• Visualize post ABC BLIF 

• Explore step based simulation of post ABC BLIF 

In order to create netlists created by ABC and VPR in the workflow the 

read BLIF flow was altered in order to ignore the name of a node during the 

parsing stage. If desired the bit map is used for each node in order to de

termine the functionality. A template matching algorithm matches common 
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soft logic node functions such as Logical OR, Logical AND and others 

in order to speed up the computation of the nodes during the simulation 

process. In order to evaluate the use cases defined above the following steps 

were performed: 

• Verify correctness of Odin II simulation 

• Verify ABC BLIF simulation 

• Evaluate processing times for netlist creation 

• Evaluate processing times for simulation 

• Visualize post ABC BLIF file 

• Explore simulation process 

The verification of the simulator correctness was performed using the bench

mark set included in the VTR CAD flow. It consists of 28 verilog files. The 

circuits created using this set vary from 50 to 500,000 nodes depending on 

the circuit and the architecture description used. Each of the benchmarks 

provides an input and output vector file which can be used in order to verify 

the correctness of the simulation process. 

All benchmarks were transformed into a BLIF file and simulated using 

the new BLIF parsing flow. As the output vectors of all circuits matched, 

the simulation appears to be correct. As the BLIF files are produced and 

the simulation is shown to be correct, the BLIF files are passed on to ABC 
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Name Nodes Connections Read time Read time Ratio 
(new) (old) (new/old) 
in ms in ms 

binops 284 497 3 3 1 

memory _controller 630 1892 10 5 2 

CRC33_D264 918 1170 12 7 1.71 

stereovision3 1531 5752 18 14 1.28 

ch_intrinsics 2355 13273 36 29 1.24 

iirl 2611 7609 52 28 1.85 
cLcordic_ v _8_8_8 3349 9217 26 22 1.18 

paj _framebuftopN C 3388 10559 37 34 1.08 
cLfir _3_8_8 3702 9913 48 45 1.06 
iir _no_combinational 4042 15720 43 36 1.19 

sha 5683 152531 838 508 1.64 

fir _scu...rtl 6270 19390 54 46 1.17 

oc54_cpu 7668 25473 82 46 1.78 

diffeq2 11312 29741 97 83 1.17 

diffeql 11506 30388 97 83 1.17 

cLcordic_ v _18_18_18 14669 42627 120 105 1.14 

cf Jft_256_8 23790 73915 230 195 1.18 

or1200 25922 89125 303 282 1.07 

mkPktMerge 33202 116836 461 446 1.03 

blob__merge 40623 170551 530 410 1.29 

stereovision 1 66889 202038 110 1000 1.1 
cf_fir _24_16_16 84935 229137 1500 1400 1.07 

stereovision2 175599 479877 2300 2100 1.09 

Average 23081.6 755531.8 347.7 301.17 1.28 

Table 6.1: Odin II BLIF opening times with and without the consideration of 

the Odin II naming convention. The last column shows the new to old ration 

of the algorithms. The last row shows the overall average of each column. 

The table shows that using the new algorithm the processing times are 28% 

higher. 
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in order to be logically optimized. The resulting circuits are also simulated 

and output vectors verified. The simulation was able to compute the output 

values correctly. 

As described in Section 5.2 the file parsing process was changed and an 

increase in processing time was expected. In order to evaluate this hypothe

sis, all but the three biggest benchmarks of the VTR flow were compiled to 

a netlist without the use of an architecture file in order to create as much 

soft logic as possible. The three benchmarks omitted highly depend on hard 

block structures. 

The reason for the use of soft logic only is the fact that the procedure 

changed only applies for soft logic. Hard block structures follow a different 

flow and would distort the processing times. 

Table 6.1 shows that the read in times are increased as expected. The 

processing times are on average 30% higher than with the use of the node 

name for node type determination. The number can be inaccurate as many 

benchmarks take less than a second to read. Reading in the same benchmark 

multiple times results in different times. The more nodes included in a file 

the longer the benchmark is processed and the more stable the processing 

times become. It is worth mentioning that the weighted ratio based on node 

count of the benchmarks is 1.135. This is an increase of file parsing time of 

13.5%. 

The simulation time was evaluated using the same set of benchmarks. 

5000 simulation cycles were computed for each benchmark. The reference 
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for the simulation time was the state before any changes were made. The 

second time uses the new BLIF parsing procedure. The third time uses the 

new BLIF parsing procedure and the enhanced template matching algorithm 

which is capable of recognizing more soft logic block and assign the correct 

type. 

Using the old matching algorithm and the new file parsing flow the sim

ulator runs 3.5% slower (Table 6.2). Using the new template matching the 

difference is reduced to 3.1 % as shown in Table 6.3. 

The results show that the netlist creation flow was improved by allowing 

Odin II user to simulate netlists, which do not implement the Odin II naming 

structure. As Odin II is capable of reading and simulating the netlists, the 

visualization can use its data structure to visualize it. This allows developers 

to compare netlists created by Odin II and the optimized netlist created by 

ABC or the packed netlist in VPR. 

6.1.3 Activity Visualization 

In order to visualize activity estimation performed by Odin II, use cases were 

defined in Subsection 4.3. The evaluation of functions created is based on 

the list of use cases defined: 

• Change the view to Activity Estimation 

• User can chose between the three probabilities 

• Represent the activity values using color 
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Name Nodes Cons New Flow Old Flow Ratio 
in ms in ms 

binops 284 497 276 269 1.026 
blob_merge 40623 170551 126000 120000 1.05 
cLcordic_v _18_18_18 14669 42627 44200 41400 1.067 
cLcordic_ v _8_8_8 3349 9217 4600 4000 1.15 
cf Jft_256_8 23790 73915 78000 66000 1.181 
cfJir _24_16_16 84935 229137 240000 228000 1.052 
cf.1ir_3_8_8 3702 9913 4800 4500 1.066 
chJ.ntrinsics 2355 13273 3200 3000 1.066 
CRC33_D264 918 1170 1100 1100 1 
diffeql 11506 30388 30200 28800 1.048 

diffeq2 11312 29741 28300 27100 1.044 
fir_scu....rtl 6270 19390 14800 12500 1.184 
iir Jlo_combinational 4042 15720 5600 5600 1 

iirl 2611 7609 3400 3100 1.096 
memory _controller 630 1892 813 715 1.137 
mkPktMerge 33202 116836 102000 90000 1.133 
oc54_cpu 7668 25473 20800 18900 1.100 

or1200 25922 89125 78000 72000 1.083 
paj_framebuftopl 3388 10559 4700 4500 1.044 

sha 5683 152531 144000 1047000 0.137 
stereovision 1 66889 202038 216000 210000 1.0285 

stereovision2 175599 479877 540000 510000 1.058 
stereovision3 1531 5752 1700 1600 1.0625 

Average 23081 75531 73586 108699 1.0357 

Table 6.2: Odin II BLIF simulation times with and without the consideration 
of the Odin II naming convention. As not all node types are recognized using 
the truth table the simulation takes 3.57% longer in average (Old to new ratio 
of 1.0357). 
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Name Nodes Cons New Flow Old Flow Ratio 
New Matching 

in ms in ms 

binops 284 497 275 269 1.022 

memory _controller 630 1892 808 715 1.130 

CRC33_D264 918 1170 1100 1100 1 

stereovision3 1531 5752 1700 1600 1.0625 

ch.intrinsics 2355 13273 3250 3000 . 1.083 

iirl 2611 7609 3300 3100 1.064 
cLcordic_ v _8_8_8 3349 9217 4570 4000 1.142 

paj _framebuftop 3388 10559 4700 4500 1.044 
cfJir_3_8_8 3702 9913 4800 4500 1.066 
iir _no_combinational 4042 15720 5600 5600 1 

sha 5683 152531 141000 1047000 0.134 

fir _scu...rtl 6270 19390 14750 12500 1.18 

oc54_cpu 7668 25473 20700 18900 1.095 

diffeq2 11312 29741 28000 27100 1.033 

diffeql 11506 30388 30000 28800 1.0416 
cLcordic_ v _18_18_18 14669 42627 44100 41400 1.065 
cf Jft_256_8 23790 73915 77400 66000 1.172 

or1200 25922 89125 77700 72000 1.079 

mkPktMerge 33202 116836 101400 90000 1.126 

blob_merge 40623 170551 125700 120000 1.047 

stereovision 1 66889 202038 215000 210000 1.023 
cfJir _24_16_16 84935 229137 240000 228000 1.052 

stereovision2 175599 479877 535000 510000 1.049 

Average 23081 75531 73080 108699 1.031 

Table 6.3: Odin II BLIF simulation times with and without the consider

ation of the Odin II naming convention and new template matching. The 

simulation time was reduced. The simulation time was decreased from 3.57% 

slower than the old algorithm to 3.1% slower. 
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Activity estimation visualization was included in the GUI. A new Activity 

Estimation control tab was added, which provides the user the following 

options: 

• Choose simulation cycle count for activity estimation 

• Select between static probability, switching probability and switching 

activity 

Interfaces to Odin II were established in order to communicate during the 

exploration process and request data requested by the user. A color scheme 

was created in order to visualize different sub-steps between high and low 

activity represented by the color range red to green. The usability of the 

realization is evaluated and discussed in Section 6.2. 

6.1.4 Hierarchical View 

In order to provide a better overview of the netlist structure the visualization 

software was extended by the ability to combine nodes in modules. Modules 

are recognized if the Odin II name structure is used. Module recognition 

at the current point only works for soft logic structures as the BLIF format 

does not offer the possibility to name hard block structures. The list of use 

cases defined in Subsection 4.4 was the following: 

• Modules should be created if available in the netlist 

• Modules should be expandable 
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• Nodes contained by a module should not be shown in the visual graph 

unless the module is expanded 

• Connections within the module should not be visible 

• Incoming and outgoing connections of the module are to be reused 

A new type of node with an individual shape (Figure 5.7) was added to 

the layout. The functionality of modules was created in order to allow a 

connection between modules and nodes included. This connection makes 

sure the interconnections of interest are always shown either attached to the 

nodes or to the module if the module is collapsed. A context menu entry for 

expanding and collapsing modules was implemented to allow developers to 

effectively use the new visualization ability. The reaction of users and the 

usability of this feature is evaluated and discussed in Section 6.2. 

6.2 Usability Evaluation 

The BLIF visualization part of Odin II aims to be as user friendly as possible. 

The think aloud usability testing allows developers to test their applications 

with potential or actual users in order to get feedback about possible mis

conceptions and potential improvements. They also function as a verification 

point that functionality which is provided can be found where it is expected. 

The technique is based on a test which should not be longer than 5 - 10 

minutes and cover as many parts of the application as possible. The structure 
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of the test should follow a potential scenario which could occur when working 

with the application. The usability test for this thesis was the following: 

1. Open evaluation file multiclock. blif 

2. Start the simulation 

3. Configure the clock ratios as follows 

• ClockOl: 1 

• Clock02: 2 

• Clock03: 1 

• Clock04: 2 

4. Step to simulation cycle 15 

5. Visualize the activity estimation parameter: switching activity 

6. Comment what you think is high and low activity 

7. Close the file 

8. Open File module. blif 

9. Simulate the circuit 

10. What does the circuit do? 

11. Expand module A 
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12. Continue simulation and verify your theory 

13. Close the File 

14. Open netlist.blif 

15. Find node FFF _NODE 

16. Isolate the node in order to inspect its functionality 

1 7. Simulate the node 

18. Close File 

Ten computer science students were asked to perform the test. Three of 

the user are currently involved in Odin II development. All users were asked 

to perform the tasks in the list and comment on everything they do, what 

they expect to happen, how it matches with the procedures on the screen 

and to provide information about what they like and what could be done 

better. 

The number of users is small. The evaluation is not representative for all 

computer science students or potential developers in Odin II, but it provides 

a first impression and can be used in order to clarify potential mistakes. In a 

commercial environment the feedback created by this test with this number 

of users would be used in order to adjust the application and make sure 

the development is still on track. During the next evaluation iteration the 

number of participants would be doubled in order to get more representative 
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results. This procedure would be repeated until the customer is satisfied or 

enough feedback was produced. 

Prior to starting the test, it was explained to each user what the visual 

graph represents. In order for the user to have some guidance, except for 

the test instructions, they were instructed that the graph shows a Boolean 

circuit with interconnected nodes. Each node represents a function which 

produces a result based on the inputs. 

The first third of the test which deals with multiple clock simulation was 

completed by all users without major problems. It was commented that 

the buttons are where they are expected to be. One user looked for the 

simulation buttons in the main application tool bar instead of the simulation 

control tab. 

It was observed that in order to find functions almost all users started 

looking in the upper part of the applications. As shown in Figure 6.1, the 

simulation tab is located in the lower left corner of the layout. This caused 

most users to move their mouse across the upper part of the application 

before they started looking for this functionality in the corners. A change of 

the setting which shows the control tab in the upper left corner would save 

users some time and provide the function more intuitively. 

No user had problems configuring the clock ratios. It was noticed that 

most of them stopped commenting on expectations and their actions. They 

entered the values and clicked the OK button, which was interpreted as a 

good result. During the simulation process users were able to see that clocks 
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Figure 6.1: Simulation control tab position (red box) in the application lay
out. The control panels are organized in tabs which can be switched by the 
user. 
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were working according to their ratio. Only one user, who is also involved in 

the development of Odin II mentioned this fact. 

The activity estimation tab was found very quickly due to the fact that it 

is located in the same area as the simulation tab. The button for switching 

activity was found easily by each user. The users were asked to describe 

which connections appear to be very active and which do not. One user 

considered red low and green ·high. All other users commented correctly that 

red represents high probability. In order to avoid this mistake in future, a 

legend which shows the meaning of colors for activity estimation should be 

embedded in the control tab. 

The hierarchical view evaluation caused the most problems for the users. 

The modules were identified and selected. The simulation was used with

out problems but task number 11 showed some problems with the current 

implementation of this feature. Each user tried to double click the module 

in order to expand it. This function is not included in the application but 

should be added. One user commented that he expects the module to behave 

like a folder in a file system explorer. A double click is supposed to open the 

folder, which in this case did not happen. 

One user tried to use the zoom level in order to zoom in inside the module. 

At the highest zoom level the question whether the shape of the module 

actually represents the containing structure was asked. After looking through 

menus and control tabs 7 out of 10 people found the function without help. 

This shows that the function is not offered very intuitively. After the test 
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users explained that they would expect a regular node to offer the collapse 

function in the context menu, but a double click should be able to be used 

for the expand function of a module. 

The last test showed a netlist with more than 500 nodes. To find a specific 

node by reading the name of each one is nearly impossible. After reading a 

couple of names all users were looking for a search function. Every user found 

the function either in the window menu or by using the hot key Ctrl+F. The 

search function found the node of interest. The search is case insensitive 

which was stated by one user as he entered the name in lower case. An 

interesting observation was that one user wanted to use the font selection 

field in order to start a search query. He explained that in a web browser 

such a text field is used in order to start searches using a internet search 

engine. A future feature offered in the visualization could be such a feature 

for the find node function. The summary of changes requested by users is 

shown below. All recommendations were applied into the implementation of 

the visualization. 

• Control tabs in upper left corner 

• Legend explaining activity estimation colors 

• Double click to open modules 

• Tool bar button for "Collapse All" function 

• Tool bar button for "Expand All" function 
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• Search field in tool bar 

6.3 Visualization File Processing Times 

Subsection 5.6.1 described the improvement of file processing time by en

hancing the connection creation algorithm. This section evaluates how the 

file processing time of netlists varies with changing node and connection 

count. 20 circuits with different node and connection counts were used to 

measure the time needed to create the visual objects in the visualization. 

Table 6.4 shows times needed to create a visual graph based on a BLIF 

file. The first step in the algorithm creates nodes. This process is very quick 

as nodes do not depend on any existing data structures except for their Odin 

II equivalent. Figure 6.2 shows a linear trend based on the node count. The 

times never grow larger than 3 seconds even for netlists with more than 40,000 

nodes. The most time consumption is spent on the creation of interconnec

tions. As can be seen in Figure 6.3 the curve appears to grow in a quadratic 

fashion. One outlier indicates that the visualization is capable of creating 

more than 150,000 connections in less than 50 seconds. This outlier repre

sents an unusual benchmark circuit sha. Where benchmarks usually have 

the connection to node ratio between 3 and 4, this benchmark has a ratio of 

26.84. This means compared to the node count the number of interconnec

tions is unusually high. The interesting fact about the connection creation 

time for this benchmark is that the 152,531 connections are created in the 
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Name Nodes Connections Node time Con. time 
in sec in sec 

binops 284 497 0.01 0.01 
memory _controller 630 1892 0.03 0.11 

CRC33_D264 918 1170 0.02 0.08 

stereovision3 1531 5752 0.06 0.69 

chJ.ntrinsics 2355 13273 0.12 1.9 

iirl 2611 7609 0.08 1.56 
cLcordic_ v _8_8_8 3349 9217 0.09 2.24 

paj _framebuftop 3388 10559 0.14 3.04 
cf_fir_3_8_8 3702 9913 0.19 4.86 

iir __no_combinational 4042 15720 0.13 3.9 

sha 5683 152531 0.19 49.39 
fir _scu...rtl 6270 19390 0.2 7.99 
oc54_cpu 7668 25473 0.3 14.1 

diffeq2 11312 29741 0.36 23.26 

diffeql 11506 30388 0.35 22.7 

cLcordic_v _18_18_18 14669 42627 0.45 43.9 
cf Jft_256_8 23790 73915 1.01 161.96 

or1200 25922 89125 1.3 237.87 

mkPktMerge 33202 116836 2.09 576.77 
blob_merge 40623 170551 2.56 725.31 

Table 6.4: N etlist processing times in the visualization. The nodes are created 

within seconds for large netlists. The most time needed during the processing 

is taked to create the connections between nodes. A netlist with 1,170,551 

connections takes more than 12 minutes. 
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Figure 6.2: Node creation time in visualization. The ratios show a linear 
growing curve. The creation time depends on the node count. 
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Figure 6.3: Connection creation time in visualization. The shape of the curve 
showing times according to the connection count shows a quadratic growth. 
There is one remarkable outlier which takes a short time to process despite 
a high connection connection count. 
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same time as 42,600 connections of benchmark cf_cordic_v_18_18_18. 

The difference between the two benchmarks is the node count. sha con

tains 5683 nodes where cf_cordic_v_18_18_18 has almost three times as 

many (14669). This leads to the hypothesis that the look up time needed in 

order to find the end points of a connection are very influential for the pro

cessing time. In order to visualize this relationship the connection creation 

times were normalized to an average time to create 1000 nodes (Table 6.5). 

This metric is not dependent on the connection count. The only other de

pendency it has is the node count. Figure 6.4 visualizes a linear dependency 

of node count and time needed to create 1000 connections. This shows that 

even though hash tables are used, the times still leave room for improvement. 
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Name Nodes Connections Time per 1000 con 
in sec 

binops 284 497 0.0201207243 
memory _controller 630 1892 0.0581395349 
CRC33_D264 918 1170 0.0683760684 
stereovision3 1531 5752 0.1199582754 
ch_intrinsics 2355 13273 0.1431477435 
iirl 2611 7609 0.2050203706 
cf_cordic_v_8_8_8 3349 9217 0.2430291852 
paj _frame buftop 3388 10559 0.2879060517 
cf_fir_3_8_8 3702 9913 0.4902653082 
iir _no_combinational 4042 15720 0.2480916031 
sha 5683 152531 0.3238030302 
fir _scu...rtl 6270 19390 0.4120680763 
oc54_cpu 7668 25473 0.5535272642 
diffeq2 11312 29741 0. 7820853367 
diffeql 11506 30388 0. 7 4 70053969 
cLcordic_ v _18_18_18 14669 42627 1.0298637014 
cf Jft_256_8 23790 73915 2.191165528 
or1200 25922 89125 2.6689481066 
mkPktMerge 33202 116836 4.9365777671 
blob_merge 40623 170551 4.2527455131 

Table 6.5: Average time needed to create 1000 connections. The right column 

shows that the time needed to create 1000 connections increases with the 

node count. This explains the outlier in Figure 6.3 and shows the weakness 

of the process. 
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Figure 6.4: Average time needed to create 1000 connections. The graph 
indicates linear growth. The hypothesis is that decreased node lookup times 
when connecting two nodes benefits the overall times. 
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Chapter 7 

Conclusion and Future Work 

The thesis presented the development of a visualization component as part 

of Odin II and the VTR CAD flow. An introduction to FPGA technology 

as well as CAD flows and GUI development was provided in order to explain 

the motivation of the thesis. Previous development stages of the visualization 

were summarized and sub-results evaluated in order to adjust the direction 

of development. 

One objective of the thesis was to improve Odin II, its simulator and the 

visualization component in order to provide a verification and exploration 

tool for later stages in the CAD flow. In order to achieve this goal, the 

simulator, Odin II's file parsing algorithm, the netlist data structure and 

the visualization have been adjusted. The result of this development is the 

capability to visualize and simulate BLIF files generated by any source as 

long as they implement the BLIF specification. 
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The ability to elaborate multiple clocks in Odin II was restored. The 

simulation was adjusted in order to simulate circuits with multiple clock rates 

as was the visualization. This allows developers in VTR to experiment with 

new FPGA applications and architectures. Now expreriments with multiple 

clock designs which utilize hard block structures are possible. At the current 

point the functionality provides a basic framework where synchronous clocks 

with different ratios can be defined. Future work can focus on implementing 

handling of offsets in order to extend this functionality and allow developers 

to specify clock frequencies instead of ratios. 

In order to assist developments in the CAD flow to estimate power con

sumptions of circuits, the ability to visualize activity estimation was pro

vided. Activity values are represented by the color of connections. Hot spots 

can be looked for and structures changed based on this knowledge if desired. 

Using the overview and modular netlist structure parts of designs which 

consume the most power can be determined and ways can be researched to 

prevent this behaviour. An example for a field where it benefits is the re

search of mobile devices using FPGA. At the moment ASIC devices are more 

power efficient and are used in this area but mobile devices could benefit from 

advantages of the FPGA technology. 

The visualization was enhanced by providing a better overview of the 

netlist by visualizing modules based on the Odin II naming structure. Mod

ules can be expanded and collapsed if desired. Comfort functions such as 

isolation of a node and its neighbours, the ability to only visualize parts of 
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the netlist relevant for a specific node were embedded in the software. Explo

ration assistance for later stages in the VTR flow was established. Developers 

can visualize different stages of the workflow and explore visually how the 

circuit structures change. Using the visual simulation single nodes can be 

verified if needed. This is especially useful in researching new hard blocks as 

they can be simulated and their functionality inspected in detail. 

The file processing time in the visualization was decreased by 10 % and 

an evaluation on the reasons for time consumption was performed. It was 

found that the time heavily depends on the node count of the circuit. 

A verification of Odin II's ability to correctly simulate BLIF files was 

tested and confirmed. The simulation structure was changed from a three 

value logic to a two value logic in order to compute more accurate results by 

avoiding corner cases. 

Future developments in the visualization can focus on the representation 

of multiple netlists at the same time. This would allow developers to directly 

compare netlists. This can be combined with the ability to run the currently 

viewed circuit through the next stage of the flow. A netlist produced in Odin 

II could be visualized, explored and using this function the screen could be 

split and an optimized netlist could be viewed. 

The visual graph would benefit from a better node alignment algorithm. 

At the moment the nodes are spread out so they do not overlap each other. 

An alignment algorithm which minimizes wire crossing would create a better 

overview of the interconnection structure. 
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Appendix A 

Example BLIF file 

.model bm_add_lpm 

.inputs topAclock topAreset_n topAa_in-o topAa_in-1 topAb_in-o topAb_in-1 

.outputs topAout-o topAout-1 

.names gnd 

.names unconn 

.names vcc 
1 

.names 
001 1 
010 1 
100 1 
111 1 

.names 
011 1 
101 1 
110 1 
111 1 
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.names topAAoo-oACARRY_FUNc-4 topAa_in-1 topAb_in-1 topAAoo-oAADDER_FUNc-5 

001 1 
010 1 
100 1 
111 1 

.names topAAoo-oACARRY_FUNc-4 topAa_in-1 topAb_in-1 topAAoo-oACARRY_FUNc-s 

011 1 
101 1 
110 1 
111 1 

.names topAAoo-oACARRY_FUNc-s gnd gnd topAAoo-oAADDER_FUNc-7 
001 1 
010 1 
100 1 
111 1 

.names topAAoo-oAADDER_FUNc-3 topAout-o 
1 1 

.names topAAoo-oAADDER_FUNc-5 topAout-1 
1 1 

.end 
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Glossary 

FPGA Field Programmable Gate Array 

ASIC Application Specific Integrated Circuit 

CAD Computer Aided Design 

GUI Graphical User Interface 

VTR Verilog-To-Routing 

VPR Versatile Place and Route 

PLD Programmable Logic Device 

LUT Look Up Table 

BLE Basic Logic Element 

RAM Random Access Memory 

CLB Configurable Logic Block 

CB Connection Box 
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B LI F Berkeley Logic Interchange Format 

HDL Hardware Description Language 

AST Abstract Syntax Tree 

API Application Programming Interface 
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