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ABSTRACT

The Multi-Level Computing Architecture (MLCA) is a novel parallel System-on-a-
Chip architecture targeted for multimedia applications. Here the proposed novel architecture is
used to efficiently exploit coarse-grain parallelism on FPGAs. The central component of the
MLCA is its Control Processor (CP), which is analogous to an out-of-order scheduling unit of a
superscalar Processor. The CP schedules coarse-grain units of computation, or tasks, onto
Processing Units (PUs). In this paper, the control processors are implemented and demonstrate
the scalability of the MLCA for applications. An 8-PU MLCA system is designed, tested and
evaluated. The evaluation indicates that our CP design poses no bottlenecks to performance and

has little overhead in terms of resource usage up to 8 processing units.
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CHAPTER -1

INTRODUCTION

In the recent decades, two forces have been driving the increase in performance of
processors: the advances in VLSI technology and microarchitectural enhancements. Processor
performance was improved through clock speed increase and exploitation of instruction-level
parallelism. Transistor counts on a die are still increasing, and will likely continue in
foreseeable future. However, recent attempts of investing transistor count to further increase
single-core performance have brought diminishing returns. In response, architects are building
chips with multiple energy-efficient processing cores instead of investing the whole transistor
count into a single complex and power-inefficient core. This brings many challenges, mainly
because the shift towards multiprocessing requires new programming models and automatic
parallelization techniques, in order to make the transition easier for developers.

At the same time, embedded systems are becoming ubiquitous. They are used in a
myriad of domains, including video processing, networking, home entertainment, gaming, and
wireless processing. While in the past, consumer embedded systems were mostly simple
micro-controllers, nowadays it is commonplace for embedded systems to look more like high-
performance computing devices. Modern embedded systems are designed as systems-on-a-
chip (SOCs) that incorporate into a single chip, multiple programmable cores ranging from
processors to custom designed accelerators. This paradigm allows the reuse of pre-designed
cores, simplifying the design of billion-transistor chips

. In the past few years, parallel-programmable SOCs (PPSOCs) have become a
dominant SOC architecture. Several commercial PPSOCs exist today, including the Daytona
chip by Bell, the PCx series by picoChip, and Viper by Phillips.

Similar to the programming of general-purpose many-core chips, programming of
embedded architectures such as PPSOCs is still a significant challenge. To utilize the raw

processing power of these parallel architectures, coarse-grain parallelism in applications



has to be exploited. Developers have to partition applications into coarse grain units of
computation and also take care of synchronization and communication. Inevitably, these tasks
increase the time and cost of application development.

Another challenge is translating applications written in traditional software
programming languages into efficient FPGA hardware has been met with considerable interest
in recent past. Key to this challenge is the discovery, extraction and mapping of the
parallelism in an application into efficient hardware. The key to addressing this challenge is
the decoupling of computation on the one hand and synchronization and scheduling on the
other. Such decoupling allows designers to reason about the performance of computation units
and to better determine which computation units should map onto soft processors and which
to dedicated hardware.

To this end, the novel architecture called the Multi-Level Computing Architecture
(MLCA), as a template for efficiently exploiting application parallelism on FPGAs is used.
The MLCA consists of two levels. At the lower level is a set of processing units (PUs), which
can be programmable processors or custom FPGA accelerators. The PUs executes coarse-
grain computation units called tfasks. At the upper level, a dedicated Control Processor (CP)
automatically extracts parallelism among tasks, synchronizes and schedules the tasks on the
PUs. It does so using techniques that are similar to ones used in superscalar processors to
extract and execute parallelism among instructions, including register renaming and out-of-
order execution.

The MLCA completely decouples computations from synchronization and scheduling,
while being able to support applications with complex controt flow and data sharing. All
synchronization and scheduling is performed by the upper level CP, which is logically and
physically decoupled from the PUs. Tasks contain only computations; they have no
synchronization code. Once a task is scheduled, it runs to completion. Thus, designers can
focus on the performance of individual tasks and can easily determine execution of critical
ones. These critical tasks can be accelerated using standard synthesis tools, such as Altera’s

C2H or Xilinix’s AccelDSP.



Furthermore, the CP itself can be parameterized and its parameters can be customized
to match the complexity of a single application or a set of applications. Thus, the MLCA
presents an intuitive approach for designers to parallelize applications and to further accelerate
them on FPGAs. The CP is a central component of the MLCA and hence may become a

performance bottleneck of the system.



CHAPTER -2

BACKGROUND

In this chapter, the background material relevant to the work is reviewed. Section 2.1
provides an overview of the MLCA architecture and corresponding programming model. It
also describes the main benefits of the architecture. Section 2.2 presents a summary of the
FPGA technology.

2.1 MLCA

The Multi-Level Computing Architecture, commonly known as the MLCA, is a
multi- processor system-on-chip computing architecture. As such, the MLCA is template
architecture: it is a minimal specification of an inter processor work-sharing and
communication model, with an accompanying instruction set. This allows instances of the
MLCA to be specialized for their specific application. The number and type of processing
units can be varied to suit application requirements, as can the size and layout of memory.
This customizability allows system designers to maximize efficiency by including only the
hardware that their application needs.

The MLCA architecture is novel by its extension of superscalar techniques developed
for instructions, which are fine-grain computations, to tasks, which are coarse-grain
computations. The CP, the upper level of the hierarchy, uses similar techniques to those
employed in high-performance processors such as parallel execution, out-of-order execution
and register renaming. Similar to a superscalar processor, the MLCA can dynamically extract
parallelism among tasks. Moreover, in MLCA, instruction level parallelism can be extracted
within the PUs.

The MLCA is a generic architecture. It does not specify the on-chip arrangement of
PUs, nor any type of interconnect between the PUs. Different implementations are possible,
such as buses, cross-bars or on-chip packet-switched networks. In addition, as inter-task
dependencies are enforced by the CP, there is no need to assume a particular memory
hierarchy. There can be a single memory shared by all PUs, or the memory can be distributed

into smaller memories each assigned to a PU.



The basic unit of computation on the MLCA is a task. Tasks are a coarse-grained unit -
they can perform complex operations, and generally have execution times ranging from
several hundred cycles to tens of thousands of cycles. Tasks are analogous to (and are often
implemented by) functions in a high-level programming language.

A minimal MLCA configuration includes one or more processing units (PUs), a
universal register (URF), and a single control processor. PUs executes all task bodies, and can
be general-purpose processors (such as PowerPC or ARM cores) or they can be special-
purpose units (such as FPGAs or DSPs). A single MLCA system may have a heterogeneous
set of PUs. The URF contains a set of registers, which can be read and written by tasks. The
MLCA architecture does not specify any particular structure for the URF - registers may be
fixed or variable length, however partial register access is not possible.

A task must read or write a URF register in its entirety. The control processor
executes a control program, which consists of a sequence of control flow and task
instructions. Each task instruction specifies a task to be executed as well as an explicit listing
of the URF registers that it will read and write.

Figure 2.1(a) shows a block diagram of the MLCA architecture, and Figure 2.1(b)
shows a diagram for a traditional superscalar processor. It can be seen that the two are
virtually identical. The principal difference is the granularty of computation - the MLCA
executes tasks in the same way that a superscalar processor executes instructions. A task
mstruction is considered ready to execute when all prior writes to its input registers have
completed.

When a task is ready to execute it is passed to the control processor's task scheduling
unit, which dispatches it to a PU. As in a superscalar processor, the control processor can
perform URF register renaming to break false data dependencies, and it 1s capable of out-of-
order task execution. Aside from the URF, the memory architecture of the MLCA 1s
intentionally undefined. It could incorporate a global memory that is shared between all PUs,
local memory for each PU, or a combination of both global and local memories. Likewise,
interconnect between the PUs, URF and memory could be a shared bus, a hierarchical bus, or

a crossbar,
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The MLCA generally have tight constraints upon cost, performance and power
consumption. Leaving details such as the number and type of PUs, and the memory and bus

architectures undefined aliows the MLCA to be customized according to the specific



requirements of each application to which it is applied. For the purposes of this work we use
an MLCA instance with 32-bit fixed-length URF registers, and a large global shared memory.

The novelty of the MLCA stems from the fact that the upper level of the hierarchy
supports parallel execution of tasks, using the same techniques used in superscalar processors,
such as register renaming and out-of-order execution. This leverages existing processor
technology to exploit task-level parallelism across PUs, in addition to possible instruction-

level parallelism within each task.
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Figure 2.2 High-level organization of the MLCA

The overall organization of the MLCA is shown in Figure 2.2. The lower level
consists of multiple processing units (PUs), and the upper level of a controller that
automatically exploits parallelism among coarse-grain units of computation, or tasks. A PU
can be a full-fledged processor core, a DSP, a block of FPGA, or any other type of

programmable hardware. The top-level controller consists of a control processor (CP), a task



dispatcher (TD), and a universal register file (URF). A dedicated interconnection network
links the PUs to the URF and to shared memory.

The PUs executes coarse-grain units of computation that are referred to as tasks. The
top-level consists of a Control Processor (CP) and a Universal Register File (URF). The CP
fetches task-instructions (TIs) that each represents an invocation of a task. The CP decodes
each task-instruction and then schedules it to a PU where the corresponding task gets
executed. Each TI (and the corresponding task invocation) takes its inputs from registers in
the URF and deposits its outputs also to registers in the URF.

The novelty of the MLCA 1is that the CP uses techniques such as register renaming,
out of- order-execution (OoOE), speculation and multiple-issue to extract parallelism among
tasks. In this respect, it is similar to how a superscalar processor extracts parallelism among
instructions. The MLCA gives rise to a simple and intuitive coarse-grain data-flow

programming model.

Similar to the architecture, it consists of a set of task functions that each represents a
task and a top-level control program that consists of task instructions (with URF inputs and
outputs). The control program in itself is a sequential program and all parallelism among the
tasks is extracted by the CP. In addition to Tls, the control program contains CP instructions
that support control flow. These instructions access special control registers (CRs) in a

Control Register File (CRF) and are executed directly by the CP.
2.2 OUT-OF-ORDER EXECUTION

Out-of-order execution is a technique used in superscalar processors, enabling the
issue of instructions out of program order. With out-of-order execution, instructions are
checked for issue in program order and an instruction may be issued to computation units
regardless whether all the instructions previous to it have been issued or not. Thus, in contrast
to in-order execution, a stalled instruction does not cause its subsequent instructions to be

stalled.



2.3 REGISTER RENAMING

Register Renaming is a technique used to resolve false dependencies, i.e. output and
anti dependencies, caused by register accesses. It eliminates these dependences by renaming
all destination registers, including those with a pending read or write for an earlier instruction,
so that the.out-of-order write does not affect any instructions that depend on an earlier value

of the operand.
2.4 FPGA TECHNOLOGY

An FPGA device comprises three fundamental types of components: logic cells, /O
biock and programmable routing. The generic FPGA architecture shown in Figure 2.3
resembles a traditional well-structured island-style architecture in which afray of logic blocks
are surrounded by pre-fabricated programmable routing channels. Each of the logic clusters
contains several logic cells which are interconnected by local routing. A logic cell is an

elementary building block composed of a k-LUT and flip-flops.

A circuit is implemented in an FPGA by programming each of the logic cells to
implement a small part of the overall logic functionality. Each 1/O block is configured to act
as either an input pad or output pad, as required by the circuit. The programmable routing is

configured to make all the required connections between logic cells, and also from logic cells
to 1/0 blocks.

Early FPGAs were not clustered, however as FPGAs matured and grew more dense,
the clustering was introduced to reduce the compile-time, and at the same time to reduce the
global routing requirements and increase operating speed. Unfortunately, there is still a
significant logic density gap between FPGAs and ASICs. One of the approaches in FPGA
architecture for narrowing this gap is by including hard circuits such as memories and
muitipliers. While the soft logic cells can implement any functionality (as well as memories
and multipliers), some implementations are particularly inefficient. Hence, the hard blocks
increase the efficiency of these circuits. The early FPGAs comprised only logic blocks and
thus were homogeneous, modern FPGAs are evolving in the direction of a heterogeneous

architecture.
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Figure 2.3 Generic island-style FPGA architecture

Implementation of large digital circuits such as entire systems-on-chips in modern
high-density FPGAs is enabled by sophisticated CAD tools. The process of mapping a circuit
on an FPGA is broken into a series of sequential sub problems which make the procedure
tractable. In the first stage, a designer describes a circuit in a hardware description language

(HDL, such as Verilog or VHDL).



The second stage is synthesis stage which contains several steps. In the first step HDL
is converted into a netlist of basic gates which is subsequently minimized. Then, the basic
netlist in mapped onto a netlist of FPGA logic cells. The third step is packing, in which the
logic cells are packed into the logic clusters. In the third stage, for each logic cluster from the
netlist it is decided where it is going to placed on an FPGA device. Modemn placers are

predominately based on a simulated annealing algorithm.

After locations of logic blocks are determined, a router finds a path between each
connected logic block in the netlist and determines how the routing channels should be
configured to implement the connection. Routing algorithms are usually timing-driven as
most of the delay in FPGAs stems from the programmable routing. Once it is ascertained that
the synthesized circuit meets all requirements of the specifications (such as area or timing) the

chip programming file is generated.
2.5 BENEFITS OF THE MLCA

The combination of architecture and programming model of the MLCA give rise to a number

of advantages for SoC designs:

e Reduced software complexity.

The programming model of MLCA is close to that of sequential programming.
An order of execution is given to the CP and the PUs, which when executed
sequentially is considered to provide correct results. This alleviates the need for
explicit parallel programming, which leads to considerable software complexity.

¢ Automatic extraction of the parallelism.

Similar to instruction-level parallelism, speedup can be achieved through
register renaming and out-of-order execution. For output and anti dependences, the CP
allocates new registers, allowing the tasks to run in parallel on separate PUs.

* Multiple levels of parallelism.

The MLCA combines task-level parallelism at the top-level and instruction-

level parallelism in the PUs. Task-level parallelism is potentially higher than the

nstruction-level parallelism that can be extracted from sequential code.

11



Separation of communication and synchronization from computations

Synchronization and communication are often significant contributors to the
complexity and cost of an embedded system. Both can lead to contention on
interconnects, increased latency, and power consumption. In addition, software
development 1s complicated by the need to insert synchronization and communication
primitives. The MLCA programming model provides separation of synchronization
and communication on the one hand, and computations on the other. Computations are
done entirely within the tasks, i.e. they are accomplished by the PUs. Task
communication and implicit synchronization are performed by the CP and the URF.
This contrasts with most current parallel programming modeis used with existing
multi-processor SoCs, where the communication and synchronization are explicit and
are mixed in with the application code modules.
Efficient communication.

Tasks may communicate through the URF instead of relying on a shared
memory, leading to potentially faster and more efficient communication.
Fast architecture exploration.

The modulanty and flexibility of the template architecture that accommodates
heterogeneity and the independence of the code from resource management, allow fast

exploration of a MLCA configuration for a specific application.



CHAPTER -3

DESIGN ISSUES

In this chapter the main challenges in designing and implementing the MLCA
microarchitecture is reviewed. The challenges stem from the three different aspects. The first
aspect is the flexibility of the MLCA programming model, which the MLCA
microarchitecture implementation has to fully support. The second aspect is the set of
differences in architectural models between a modern high-performance processor and the
MLCA. The third aspect is the set of the constraints imposed on our implementation by the
target FPGA device and the platform based on that device.

3.1 ARCHITECTURAL DIFFERENCES

In this section the differences between the architectural model of the MLCA and that
of a high-performance processor is described. Furthermore, the impact of these differences on
the proposed design is also described.

Table 3.1 summarizes the main differences of architectural models of a high-
performance processor and the MLCA. The MLCA is founded on the similar techniques and
mechanisms to those that extract parallelism at instruction granularity. The differences in
implementation of the MLCA and a superscalar processor stems from the fact of applying
them to the coarse granularity computational elements. Due to these differences the
conventional superscalar microarchitecture cannot be taken and applied in a straightforward
manner. The challenges that are faced makes the necessity to revisit the superscalar technigques
so they can be efficiently implemented at coarse-granularity.

The granularity of execution in superscalar processors is on the order of 1 to 100’s of
clock cycles. On the other hand, MLLCA tasks have granularity from 1000’s to 100,000’s of
clock cycles. Modern superscalar processor proved non-scalable for more than 10 functional
units. In case of the MLCA, the processing units are more complex units, such as RISC,

VLIW, or DSP processors.
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In contrast to superscalar processors, we believe that the MLCA can scale to a larger
number of processing units. The proposed work shows that MLCA can scale up to 8 PUs. The
scalability analysis with larger numbers of PUs was precluded by the limitations of our target
platform.

An MLCA task can have variable execution time depending on run-time values; hence
its execution time is unknown at issue-time. On the other hand, most of processor instructions
have non-variable execution time, which is known at issue-time. Another difference is the
number of inputs and outputs. Instructions usually have a small number of inputs and outputs
(0 to 3). In contrast, MLCA tasks can have dozens of inputs and outputs (10 to 100).
Furthermore, computation atomicity of RISC instructions in terms of their outputs is simple;
the output is produced at the end of the execution. MLCA tasks produce their outputs at

arbitrary times and in any order.

Foature High-performance processor MLCA

Computational element Instruction Task

Computation granularity Fie Conr=e

{clock eveles) -1 s LO00 <= 1000060 s

Number of processing units =10 FUs 4-32 PUs

Execution time varabiity Lower variability Higher varialnhty

Number of inputs/outputs  Small {0-3) Large (10-100)

Computation atomicity Outpmt 18 procdhced at Outputs are produced at
the end of exeention arbitrary times and

m any order

Table 3.1: Differences between architectural models of a high-performance processor and the MLCA



MLCA tasks during their execution can be written to the shared memory, which is also
used for inter-task communication. However, the CP is unaware of this communication; it
only observes the communication through registers. If tasks communicate data that is in the
shared memory (e.g. a buffer or a structure), they have to be synchronized via a register
dependency assigned to each memory dependency. It is the job of the MLCA compiler to

associate shared memory dependencies with synchronization through registers.
3.2 CONSTRAINTS OF FPGA DEVICE AND PLATFORM

An additional influence on the proposed microarchitecture is the target FPGA
technology which can be tailored with some microarchitectural decisions. Some choices at the
logic level is made such that it is FPGA-specific. Nevertheless, microarchitecture and logic
implementation is kept as platform-agnostic as possible and hope to port it in the future to
other target technologies such as standard cell technology.

The constraints imposed in this FPGA platform can be roughly divided into two
groups. The first group contains the constraints, which are encountered when implementing
the microarchitecture of the CP. The second group of constraints posed limits on the size of a
full large scale MLCA system with the CP and PUs when implementing on the target FPGA
device.

Regarding the first group of constraints that influenced the design of our
microarchitecture, most of them are driven by the architecture of FPGA devices and inherent
properties of the FPGA building blocks. For a given microarchitectural unit, memory-based
implementation or a logic-based implementation are the choices. The alternatives had to be
weighed in terms of operating frequency and area.

For instance, some logic design choices that would be natural in standard cell ASIC
design technology proved to be prohibitively expensive in FPGA logic, or they required long
routing channels which had impact on maximum operating frequency. An example of a design

that requires expensive implementation are the content addressable memories (CAMs).



They do not exist as embedded blocks and have to be implemented using generic
FPGA logic resources which are prohibitively expensive. Similarly, FPGA memory blocks
have only two ports, which dictate careful design and distribution of memory-based
microarchitectura! structures. If a memory structure requires more ports, it has to be
replicated, which is an expensive and a very FPGA-specific approach. For this reason, in
general, we avoided the choice of multi-ported structures.

On the other hand, the second group of constraints stems from the absolute limits of
resources, that is, the number of logic and memory resources that are available on our target
FPGA device. This was mostly manifested by the limited number of processing units to be
fitted on the FPGA device. The total FPGA memory blocks were not enough to place the
shared memory and application data on chip, so we used off-chip SDRAM as a shared
memory, which limited our shared memory bandwidth. The limited on-chip memory also had

impact on the type and the size of the memory hierarchy that we could implement on chip.
3.3 DESIGN OVERVIEW

Figure 3.1 shows the overall organization of the MLCA system in the FPGA. All of
the components are placed on the FPGA device except the shared memory (SDRAM). The
URF and CRF register communication between the tasks (running on PUs) goes through the
CP which manages the CRF and URF register files

The MLCA control program is placed into a dedicated memory block. The code of the
task functions, static, stacks and heap memory regions are all placed into the off-chip
SDRAM. Each PU has L1 data and instruction caches. Since tasks can communicate through
shared memory, its contents have to be kept coherent. The caches that are used are write-back
and there is no cache-coherence mechanism. In this MLCA, system coherence 1s achieved
using a software-managed mechanism that flushes the shared data from the cache before it is

used by dependent tasks. The dependencies between the tasks are of two types.



The first type is scalar dependencies through which tasks only share a scalar value via

a register. The second type is merhory dependencies. Tasks share data through a memory

buffer; however they synchronize and share the pointer to the memory buffer via a register.

There is no flushing needed for the scalar dependencies.

URF, CRF register
communication

MLCA

Control | CP URF
program

memory CRF

F 3 Fy
A 4
PU1 FJUN
v v v h i
D-cache Icache D-cache l-cache

FPGA device boundary

Shared memory
communication

S

Shared memory
(SDRAM)

Figure 3.1 Overall organization of the MLCA system in the FPGA
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3.4 THE MLCA SYSTEM DESIGN AND IMPLEMENTATION

Here implementation of the MLCA system is carried out using 8§ PUs. All of the

components are placed on the FPGA device except the shared memory (DDR2 SDRAM). The

off-chip memory is accessed via Altera’s High- Performance DDR2 controller. The URF and

CRF register communication among tasks goes through the CP, which also manages the CRF

and the URF. The contro! program 1s placed into a dedicated on-chip memory. The off-chip

memory is logically divided among PUs, such that each PU has its own stack, heap and a copy

of the task functions. PUs can share data through the heap. There is no operating system or

virtual memory.
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Figure 3.2 Organization of the MLCA system on our platform
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Each PU runs a monitor program which receives task IDs form the CP and executes
the corresponding task functions. Task input and output registers are communicated via

designated input and output memories of each PU (small internal FPGA memory).



CHAPTER - 4

CONTROL PROCESSOR MICROARCHITECTURE

.4.1 DESIGN METHODOLOGY

The MLCA Control Processor and a modern high-performance processor share similar
functionalities such as breaking of false dependencies and out-of-order execution. However,
the differences between the architectural models of the MLCA and a modern high-
performance processor dictate significant differences in our design approach if we wish to
arrive at a- complexity-efficient implementation of the CP, i.e. achieve a high operating

frequency and consume minimal chip resources.

For these reasons a novel design of these functionalities is delivered. To aid the design
decision, a design methodology is adapted.

This methodology for deriving a digital logic implementation of the required
functionalities encompasses three steps, each of which comprises a set of choices. The criteria
employed to evaluate the final set of choices were complexity and scalability. The complexity
of a unit is defined by two metrics: the maximum operating frequency and resource usage.
Lower complexity is better, that is, higher frequency and less resources consumed.

The scalability is the ability of a unit to expand in a chosen dimension with a minimal
increase in complexity. To determine the complexity and scalability. FPGA mapping of the
design is examined. In the first step, the particular microarchitectural technique is choosed
such that it provides a certain subset of the required functionalities.

The second step considers the structural design choices of each microarchitectural
technique in terms of temporal and spatial parallelism necessary to meet throughput
requirements. In the third taken into consideration is the logic-implementation-specific

choices which are driven by the constraints of the target FPGA platform.



It is important to note that choices in all three steps are interdependent. For instance,
an initially appealing microarchitectural technique might require logic design choices that lead
towards a prohibitively expensive implementation. In that case, the choice of the
microarchitectural technique has to be reexamined.

In case there exist feasible implementations of the selected microarchitectural
technique, then the required performance can be achieved by balancing the trade-off between
throughput and operating frequency. A higher throughput necessitates a higher design
complexity, on the other hand to achieve a high operating frequency the design complexity
should be kept low.

Since the resulting maximum frequency is highly influenced by the CAD tools which
automatically place and route the circuit, an assumption about the maximum frequency of our
final CP design to make the analysis is introduced.

Hence, the throughput and latency analysis using the execution times of tasks running
on PUs expressed in terms of PU clock cycles is performed. In other words, we initially
assume that the frequency of the CP matches that of the processor; i.e. one PU cycle is equal
to one CP cycle.

Once design is completed, synthesize and evaluation of the performance is carried,
measured by overall application speedup. If the performance is not satisfactory, it is due to
two possible reasons. It may be that the assumed maximum frequency is not attained, and the
throughput is inadequate. Subsequently, either or both factors are optimized.

The process is iterated until satisfactory performance is achieved. Then the area,
second complexity metric is measured as the total count of each type of FPGA resource in a
synthesized design. Hence, a separate count of different resource types is maintained. For
example, total number of logic cells and memory bits used by the synthesized design are

separately counted.



4.2 OVERVIEW OF THE MICROARCHITECTURE

The main functionalities provided by the CP microarchitecture are parallel and out-of-

order execution of tasks. The two microarchitectural techniques that enable these

functionalities are register renaming and dynamic task scheduling.
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Figure 4.1 Main physical units of the CP



Figure 4.1 depicts the conceptual stages of the CP. The stages are designed by
following the pattern common to the pipeline of contemporary high-performance
microprocessors. It consists of an in-order front end, an out-of-order execution core, and an
in-order back end.

The front end is responsible for bringing task instructions (TIs) into the execution core
and it also employs a register renaming mechanism. In the front end, a Tl is fetched, decoded,
and its inputs and outputs are renamed. The front end operates in an in-order fashion, since the
inherent requirement of the fetch and rename mechanisms is an input stream of Tls in their
original in-program-order.

The last step of the front end is the dispatch stage which inserts TIs into the execution
core, after allocating required resources for each TI. The out-of-order execution core is the
central part of the CP. Upon arriving into the execution core, TIs waits until their inputs
become ready. Once this condition is met for a task, the wake-up stage updates the state of the
task, and it enters the pool of tasks ready for execution.

Next, the execution core selects a ready task from the pool and assigns it to an
available PU. In the issue stage the task is sent to the PU. The execute stage represents the
actual execution of the task function by the PU. In the writeback stage the arguments written
by the task are forwarded to the earlier stages for the wakeup of waiting tasks. The execute
stage and the writeback stage can be overlapped since tasks produce multiple arguments
during their execution.

The back end comprises only the retire stage which removes (i.¢. retires) completed
tasks from the execution core. A task is removed from the core only if all tasks eariier to it in
program order have finished execution. At this point the resources that the task has occupied
in the core are released. The in-program-order completion is intended to support precise

interrupts and recovery from exceptions and miss peculation.
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Although the CP is based on established principles commonly used for extracting
parallelism at the instruction granularity, there are key differences. Task instructions have
many inputs and outputs and tasks execute for many cycles as opposed to just few cycles, as is
the case with instructions. This leads to different constraints and also to opportunities in the
implementation of the MLCA.

A key challenge in the CP design is determining the required throughput of the CP.
The two critical components are the issue unit and the write-back unit. Thus, the two
questions arise are: at which rate should the CP be able to issue tasks to PUs and at which rate
should the CP be able to process outputs received from PUs. In both cases the rates are
influenced by the variability of key architectural parameters, including task granularity,
number of PUs, number of inputs/outputs, etc.

FPGA memory blocks have only two ports, which dictate careful design and
distribution of memory-based structures. Throughout the design, the choice of multiported
memory structures is avoided. The CP’s memory structures across multiple memory blocks
are distributed in order to obtain more throughputs to those structures.

It is possible that for targer MLCA systems with 16 or more PUs, several units of the
CP might become a bottleneck. The memory structures in those CP’s units will require more
than two ports, hence they will have to be replicated or further distributed in order to provide

more ports.
4.2.1 CP PIPELINE OVERVIEW

The CP’s front end is responsible for bringing Tls into the QoOL unit and it also
employs a register renaming mechanism. A Tl is fetched, decoded, and its inputs and outputs
are renamed in an in-order fashion. The last stage of the front end is the dispatch unit which
inserts Tls into the OoQE unit, and allocates required resources for each TI in the OoOE unit.

The OoOE unit is the central part of the CP. Its main components are the task queue,

the dynamic scheduler and the task execution unit. Upon arriving into the OoOE unit, Tls are



placed into the task queue and also into the wake-up unit of the dynamic scheduler. TIs wait
in the wake-up unit until their inputs become ready. The task queue holds information about
all TIs in flight. It provides the functionality similar to that of the reorder buffer in a
superscalar processor. '

Tls are considered to be in-flight after they have been inserted into the task queue by
the dispatch unit. A TI ceases to be in-flight once it is retired by the retire unit. Once all inputs
of a TI are available, the corresponding task becomes ready for execution. The wake-up unit
then updates the state of the TI and forwards it to the pool of Tls ready for execution. The
select and assign unit selects one of the ready TIs from the pool and assigns it to one of the
PUs that are free. The issue unit sends the TI to the assigned PU2, where the corresponding
task is executed.

The writeback unit collects the registers written by tasks and forwards them to the
wakeup unit which processes the registers and determines if any of the waiting TIs have
become ready. The task execution and the writeback stages can be overlapped since tasks
produce multiple outputs during their execution.

The back-end comprises only the retire unit which removes completed Tls from the
task queue and other CP structures. A TI that has finished its execution is removed from the
CP only if all tasks earlier to its corresponding task in program order have also finished
executing. At this point the resources that the TI has occupied in the CP are released. The in-
program order completion is intended to support precise interrupts and recovery from

exceptions and mispeculation.
4.3 SOFTWARE-MANAGED COHERENCE

There is no hardware support for cache-coherence. A software-managed mechanism is
employed such that it flushes shared data from a cache before it is used by dependent tasks.
There is no flushing needed for simple scalar dependencies (e.g., integers), which are handled
by the URF. However, tasks can also share complex data structures (such as buffers) and
synchronize through URF registers that hold pointers to those data structures. This data must
be flushed.



Two methods of flushing shared data can be possible. The false sharing can be
prevented by ensuring that individual memory regions are aligned to cache lines. Our flushing
mechanism increases execution time in 3 ways. First, it adds execution time to flush dirty
lines. Second, it introduces extra memory traffic that can lead to contention among PUs and
further prolong task execution time. Third, when FullFlush is used, the cache lines
corresponding to PU’s stack region are also flushed and must be reloaded when a new task is

started.

4.4 MEMORY SUBSYSTEM DESIGN

The caches are direct-mapped and write-back. However, even in the face of these
limitations, the design space for the memory system is large, and it is not feasible to explore it
all. There are many design options: i) capacity of I/D caches, ii) line size for D cache, 1ii)

burst modes for I/D caches, iv) arbitration priorities, v) off-chip memory bus width.
4.5 OTHER MICROARCHITECTURAL COMPONENTS

In this section the remaining microarchitectural components of the CP is described.
4.5.1 THE EXECUTE UNIT

The execute unit of the CP consists of the issue umit and the write back unit.
Conceptually it consists of PUs as well, since they carry out the actual execution of the tasks.
However given the well-defined interface between the CP and the PUs (described further

below), the design of the PUs is completely decoupled and independent from the CP design.
4.5.2 THE DECODE, RENAME AND DISPATCH UNITS

The decode, rename and dispatch units constitute major part of the CP’s front-end. The
Task Instruction Decoder (TID) of the decode unit receives task instruction words from the
fetch unit. The TID then splits each task instruction word into a task header and individual
input and output arguments. The task header is not modified and it is directly sent to the task

header dispatch queue which resides within the dispatch unit.
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On the other hand, input and output arguments have to be renamed prior to being
dispatched. Both inputs and outputs are placed into the register rename queue. Each entry in
the queue holds information for a single register. For a given task, all of its inputs are inserted
first into the register rename queue, following all of its outputs. The implementation is
straightforward, since within a single instruction word, all inputs are listed before the outputs
After the TID decodes all words of a TI, it restarts the decode process for the next TL First,

the task header is extracted and the process continues with inputs and subsequently.
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CHAPTER -5

CACHE MEMORY

A CPU cache is a cache used by the central processing unit of a computer to reduce
the average time to access memory. The cache is a smaller, faster memory which stores copies
of the data from the most frequently used main memory locations. As long as most memory
accesses are cached memory locations, the average latency of memory accesses will be closer

to the cache latency than to the latency of main memory.

When the processor needs to read from or write to a location in main memory, it first
checks whether a copy of that data is in the cache. If so, the processor immediately reads from
or writes to the cache, which is much faster than reading from or writing to main memory.
Most modern desktop and server CPUs have at least three independent caches: an instruction
cache to speed up executable instruction fetch, a data cache to speed up data fetch and store,
and a translation look aside buffer used to speed up virtual-to-physical address translation for

both executable instructions and data.

When the processor needs to read or write a location in main memory, it first checks
whether that memory location is in the cache. This is accomplished by comparing the address
of the memory location to all tags in the cache that might contain that address. If the processor
finds that the memory location is in the cache, we say that a cache hit has occurred; otherwise,
we speak of a cache miss. In the case of a cache hit, the processor immediately reads or writes
the data in the cache line. The proportion of accesses that result in a cache hit is known as the

hit rate, and 1s a measure of the effectiveness of the cache for a given program or algorithm.

In the case of a miss, the cache allocates a new entry, which comprises the tag just
missed and a copy of the data. The reference can then be applied to the new entry just as in the
case of a hit. Read misses delay execution because they require data to be transferred from a

much slower memory than the cache itself.



Write misses may occur without such penalty since the data can be copied in the
background. Instruction caches are similar to data caches but the CPU only performs read
accesses (instruction fetch) to the instruction cache. Instruction and data caches can be
separated for higher performance with Harvard CPUs but they can also be combined to reduce

the hardware overhead.
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CHAPTER- 6

SIMULATION RESULTS
6.1 DESIGN SOFTWARE

The implementations have been carried out using the software, ModSim and Xilinx
ISE 7.1i. The hardware language used is the Very High Speed Integrated Circuit Hardware
Description Language (VHDL). VHDL is a widely used language for register transfer level
description of hardware. It is used for design entry, compile and simulation of digital systems.
Modelsim is a simulation tool for programming {VLSI} {ASIC}s, {FPGA}s, {CPLD}s, and
{SoC}s. Modelsim provides a comprehensive simulation and debug environment for complex
ASIC and FPGA designs. Support is provided for multiple languages including Verilog,
SystemVerilog, VHDL and SystemC.

6.2 SIMULATION RESULT OF MLCA
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Figure 6.1 Simulation Result Obtained For MLCA
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6.3 SYNTHESIS REPORT FOR MLCA

Design summary:

Selected Device: Xilinx FPGA- x¢35500e

Logic utilization Used Available Utilization
No. of slices 1999 4656 42%
No. of sliced flipflops 1784 ' 9312 19%
No. of 4 input LUTs 3406 9312 36%
No. Of bonded 10Bs 13 190 6%
No. of BRAMs 3 20 15%
No. of GCLKs 1 _ 24 4%

Figure 6.2 Synthesis report for MLCA
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CHAPTER -7

CONCLUSION AND FUTURE WORK
In this chapter, the main conclusion of this project is summarized and future work directions

are described.
7.1 CONCLUSION

In this, design and implementation of the MLCA microarchitecture is considered, in
particular CP is focused. The goal of the implementation was twofold. First, a full
microarchitecture of the CP is designed for realistic performance experiments. At the same
time, high-performance in a complexity-efficient manner is achieved, that is, minimal chip
resources are consumed. The FPGAs is the target hardware technology. The advantages of the
FPGAs such as fast design, cost allowed us to explore many microarchitectural alternatives.
Moreover, the FPGA platform is treated not only as a vehicle for microarchitectural
exploration, but also as the target deployment platform. This approach introduced the CP’s
efficiency as the second design constraint, in addition to the CP’s performance which was the
primary constraint.

Subsequently, the entire microarchitecture of the CP is designed. On a high-level it
resembles the superscalar pipeline including the fetch, decode, rename and dispatch units as
parts of the in-order front-end. The retire unit comprises the back-end of the pipeline. The
CP’s microarchitecture is implemented using System Verilog HDL. The CP is integrated into
a shared-memory multiprocessor system based on 8 PUs. Finally the MLCA is synthesized on
FPGA platform.

o
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7.2 FUTURE WORK

The goal of future work is to investigate the scalability of the CP performance in order
to support MLCA systems with large number of PUs. The first approach to improve the
overall CP performance is by improving the maximum operating frequency of the CP. The
second possibility for improving the CP performance is by increasing the throughput of
individual units which are identified as bottlenecks.

In addition to investigating the scalability of the CP performance for a large number of
PUs, the scalability of CP’s complexity have to be explored. The first question is whether
there would be a significant operating frequency drop if the number of PUs and other main
parameters of the CP are increased. Similarly, the second question is how does the relative
resource usage between the CP and the PU change as the entire system and the CP parameters

Srow.
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APPENDIX I

Design Creation to Realiztion
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Kggral Spy w w enlommiek nd MutaXSim wad Mavtue Graghus s sgmienl fsdenie s of Meatr Censias, Crprneion
AR atide tuk d

din Bn o
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Introduction

The Spartan®-3E family of Field-Programmable Gate
Arrays (FPGAs) is specifically designed to meet the needs
of high volume, cost-sensitive consumer electronic applica-
tians. The five-member family offers densities ranging from
100,000 to 1.6 million system gates, as shown in Table 1.

The Spartan-3E family builds on the success of the earlier
Spartan-3 family by increasing the amount of logic par VO,
significantly reducing the cost per logic call. New features
improve system performance and reduce the cost of config-
uration, These Spartan-3E FPGA enhancements, com-
bined with advanced 90 nm process technology, deliver
mare functionalily and bandwidth per dollar than was previ-
ously possibie, setting new standards in the programmable
logic industry.

Because of their exceptionally low cost, Spartan-3E FPGAs
are idealiy suited to a wide range of consumer electronics
applications, including broadband access, hame nstwork-
ing, display/projection, and digital television equipment.
The Spartan-3E family is a superior alternative to mask pro-
grammed ASICs. FPGAs avoid the high initial cost, the
lengthy devalopment cycles, and the inherent inflexibility of
conventional ASICs. Also, FPGA programmability permits
design upgrades in the field with no hardware replacement
necessary, an impossibility with ASICs.

Features

« Very low cost, high-performance logic solution for
high-volume, consumer-oriented applications
* Proven advanced 90-nanometer process technology
*  Multi-voltage, multi-standard SelectlO™ interface pins
- Up 10376 /O pins or 156 differemtial signal pairs
LVCMOS, LVTTL, HSTL, and SSTL single-ended
signal standards
- 3.3V, 2.5V, 1.8V, 1.5V, and 1.2V signaling
Table 1: Summary of Spartan-3E FPGA Attributes

- 622+ Mb/s data transfer rate per /O
- True LVDS, RSDS, mini-LVDS, difterential
HSTL/SSTL differantial /O
- Enhanced Double Data Rate {DDR} support
- DDR SDRAM support up to 333 Mb/s
*  Abundant, fiexible logic resources
- Densities up to 33,192 iogi¢ cells, including
optional shift register or distributed RAM support
- Efficient wide multiplexers, wide logic
- Fast look-ahsad carry logic
- Enhanced 18 x 18 mullipliers with optional pipeline
- |EEE 1148.1/1532 JTAG programming/debug port
*+ Hierarchical SelectRAM™ memory architecture
- Up to 648 Khits of fast block RAM
- Up to 231 Kbits of efficient distributed RAM
*  Upto eight Digital Clock Managers (DCMs)
- Clock skew slimination (delay locked loop)
- Fraquency synthesis, multiplication, division
- High-resolution phase shifting
- Wide frequency range (5 MHz to over 300 MHz)
* Eight global clocks plus eight additionai clocks per
each half of device, plus abundant low-skew routing
= Configuration interface to industry-standard PROMs
- Low-cost, space-saving SP| serial Flash PROM
- #8 or x8/x16 parallel NOR Flash PROM
- Low-cost Xitinx® Platform Flash with JTAG
»  Complete Xilinx ISE® and WebPACK™ software
+  MicroBlaze™ and PicoBlaze™ embedded processcr cores
+  Fully compliant 32-/64-bit 33 MHz PCI support {66
MHz in some devices)
*+  Low-cost QFP and BGA packaging options
- Comman foolprints support easy density migration
- Pb-free packaging options
» XA Autcmotive version available

: CLB Array
Equivalent ! (One CLB = Four Slices) Block Maximum
System Logic i Total Total Distributed RAM Dedicated Maximum | Differential
Device Gates Cells Rows | Columns | CLBs | Slices | RAM bitst") | bits(V) | Multipliers | DCMs | User VO | VO Pairs
[XCISIGOE | r00K 2.160 2z 3 240 960 5K TER T z 108 0
XCA8250€ 250K 5,508 a4 28 512 2,448 asK 216K 12 4 i72 68
XC3G500E | BO0K 10,476 a8 34 7163 | <650 78K EG3 20 4 732 EH
XC3S1200E | 1200K 19.512 &0 48 2,168 8,672 136K 504K 28 a 304 124
XC351600E | 16GQ0K 3L L 7e 58 3,688 14 752 231K 648K 36 8 376 156
NoTes:

1, By convantion, one Kb is equivalent 1o 1,024 bits.

@ 20052009 Xitmx, Inc. XILINX. the Xillnx loge. Virlex. Spartan, ISE, and other desygnated brands Included herein are trademarks of Xilinx in the Unitco States and otner coun-

tries. Al olhgr radaemarks arc the property of ter respechive owners,
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Architectural Overview

The Spartan-3E family architecture consists of five funda-
mental programmable functional slements:

» Configurable Logic Blocks {CLBs) contain flexible
Look-Up Tables (LUTs} that implement logic plus
storage alerments used as flip-dlops or latches. CLBs
perform a wide variety of logical functions as well as
store data.

*  Input/Qutput Blocks (I0Bs) control the flow of data
between the I/O pins and the internal logic of the
device. Each |OB supports bidirectional data flow plus
3-state operation. Supports a variety of signal
standards, including four high-performance differential
standards. Double Data-Rate (DDR) registers are
included.

* Block RAM provides data storage in the form of
18-Kbit dual-port blocks.

+  Multiplier Blocks accept two 18-bit binary numbers as
inputs and caiculate the product.

* Digital Clock Manager {(DCM) Blocks provide
self-calibrating, fully digital solutions for distributing,
delaying, multiplying, dividing, and phase-shifting clock
signals.

These elements are organized as shown in Figure 1. A ring

of I0Bs surrounds a regular array of CLBs. Each device has

two colurnns of block RAM except for the XC3S100E, which
has one column. Each RAM column consists of several

18-Kbit RAM blocks. Each block RAM is associated with a

dedicated muitiplier. The DCMs are positioned in the center

with two at the top and twe at the bottom of the device. The

XG38100E has only one DCM at the top and bettom, while

the XC3S1200E and XC381600E add iwo DCMs in the

middle of the left and right sides.

The Spartan-3E family features a rich network of fraces that
interconnect all five functional elements, transmitting sig-
nals among them. Each functional element has an associ-
ated swilch matrix thal permits multiple connections to the
routing.

/| T e T

L £

’ see

10Bs
-~

e LT T

108s

Notes:

- PN
/. \

Block RAM Multiplier

SEATE

LIIRE"

1. The XC381200E and XC351600E have two additional DCMs on both the laft and right sides as
indicated by the dashed lines. The XC38100E has only one DCM at the top and one at the bottom.

Figurg 1: Spartan-3E Family Architecture
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Configuration

Spartan-3E FPGAs are programmed by loading configura-

tion data into robust, reprogrammable, static CMCS config-

uration latches (CCLs) that collectively contral all functional

elements and routing resources. The FPGA's configuration

data is stored externally in 2 PROM or some other non-vol-

atile medium, either on or off the board. After applying

power, the configuration data is written to the FPGA using

any of seven diffarent modes:

+ Master Serial from a Xilinx Platform Flash PROM

+ Serial Paripheral Interface (SP1} from an
industry-standard SPI serial Flash

+ Byte Peripheral Interface (BP1) Up or Down from an
industry-standard x8 or x8/x16 parallel NOR Flash

* Siave Serial, typically downloaded from a processor

* Slave Paralll, typically downloaded from a processor

¢+ Boundary Scan (JTAG), typicaily downloaded from a
processor or system tester.

Furthermore, Spartan-3E FPGAs support MultiBoat config-

uration, allowing two or more FPGA configuration bit-

streams to be stored in a single parallel NOR Flash. The

FPGA application centrols which configuration to load next

and when 10 load it.

Table 2: Available User /Os and Differential {(Diff) YO Pairs

/O Capabilities

The Spartan-3E FPGA SelectlO interface supports many
popuiar single-ended and differential standards. Table 2
shows the number of user I/Os as welt as the number of dif-
ferential VO pairs available for each device/package combi-
nation.

Spartan-3E FPGAs support the following single-ended

standards:

+ 3.3V low-voltage TTL (LVTTL)

*  Low-voltage CMOS {LVCMOS) at 3.3V, 2.5V, 1.8V,
1.5V, or 1.2V

= 3V PClat 33 MHz, and in some devices, 66 MHz

+ HSTL band Il at 1.8V, commonly used in memory
applications

*  S8TLiat1.8Vand 2.5V, commonly used for memary
applications

Spartan-3E FPGAs support the following differential stan-

dards:

« VDS

+ BuslVvDS
*  mini-LVDS
+ RSDS

+  Differential HSTL {1.8V, Types | and 11I)
+  Differential SSTL (2.5V and 1.8V, Type I)
* 2.5V LVPECL inputs

vQ100 CP132 TQ144 PQ208 FT256 FG320 FGA400 FGA484
Package VQG100 CPG132 TQG144 PQG208 FTG256 FGG320 FGG400 FGGA484
Size {(mm) 16 x16 gx8 22x22 28x28 17 x17 19 x19 21x21 23 x23
Device User | DIff } User | Ditf | User | Diff
66 | 30 | 83 | 35 | 108 | 40
XC35100E
3510 @@ || @ e @
66 | 30 | 92 | 41 | 108 | 40
XC3S250E
(7} 2) {7) 2) | (28 | (4
6613 | 30 | 92 [ 41 | i
XC3S500E
(7 2 (7} 2
XC3S1200E
124 | 376
XC3S1600E (21 | 72 | 205 | B2y | (21)
Notes:

1. Al Spartan-3E devices provided in the same package are pin-compatible as further deseribed in Module 4: Finout Descriptions.
2. The number snown in bold indicates the maximum number of /O and input-onty pins. The number shown In (ifafics) indicatas the number

of input-only pins.

3. The XC3B500E is avaifable in the vQG100 Pb-free package and not the standard VQ100. The VQG100 and ¥Q100 pin-outs are identical

and general references to the VQ100 will apply to the XC3S500E.
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Spartan-3E FPGA Family:
Functional Description
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Design Documentation Available

The functionality of the Spartan®-3E FPGA family is now
described and updated in the following documents, The
topics covered in each guide are listed below.

+ UG331: Spartan-3 Generation FPGA User Guide
hitpfiwww.xilinx.com/support/documentation/
user_glides/ug331.pdf

Clocking Resources

Digitat Clock Managers (DCMs)

Block RAM

Configurable Logic Blocks (CLBs)

- Distributed RAM

- SRL1S Shilt Registers

- Carry and Arithmetic Logic

* * * »

+ /O Resources

+ Embedded Multipliar Blocks

+ Programmabla Interconnect

+ ISE® Design Tools

+ IPCores

+ Embedded Processing and Control Solutions
+ Pin Types and Package Overview

+ Package Drawings

+ Powering FPGAs

+ Power Management

+ UG332; Spartan-3 Generation Configuration User
Guide
Iitp:fwww.xilinx.com/suppori/documentation/
user_guides/ugd32.pdi

+ Configuration Overview

- Configuration Pins and Behavior
- Bitstream Sizes
+ Detailed Descriptions by Mode

- Master Serial Mode using Xilinx® Platform Flash
PROM

- Master SPI Mode using Commodity $PI Serial. Flash
PROM

- Master BPI Mode using Commodity Parailel NOR
Flash PROM

- Slave Parallel (SelectMAF) using a Processor
- Slave Serial using a Processor
- JTAG Mede
+ ISE iIMPACT Programming Examples
+ MultiBoot Reconfiguration
For specitic hardware examples, please see the Spartan-3£

Starter Kit board web page, which has links to various
design examples and the user guide.

+ Spartan-3E Starter Kit Board Page
hitp:/www, xilinx_com/s3estarter
+ UG230: Spartan-3E Starter Kit User Guide
http/fwww.xilinx.com/support/dccumentation/
userquides/ug230.pat
Create a Xilinx MySupport user account and sign up to
receive automatic E-mail notification whenever this data
sheet or the associated user guides are updated.

* Sign Up for Alerts on Xilinx MySupport
hittp:Awww.xilinx.com/support/answers/19386_htrn

© 2005-2009 Xilinx, Inc. XILINX, the Xilinx 1ogo, Virtox, Spartan. ISE. and other designaled brands included herein are trademarks of Xinx in the Unild States and other coune

uies. Al other tradamarks are the property of their respective owners,
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Functional Description
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Introduction

As described in Architectural Overview, the Spartan™-3E

FPGA architecture consists of five fundamental functional

slements:

*  Input/Output Blocks (OBs)

* Configurable Logic Block (CLB} and Slice
Resources

* Block RAM

* Dedicated Muitipliers

+ Digital Clock Managers (DCMs)

The following sections provide detailed information on each

of these functions. In addition, this section alse describes

the following functions:

* Clocking Infrastructure

* Interconnect

* Configuration

* Powering Spartan-3E FPGAs

Input/Cutput Blocks (I0Bs)

For additional information,
Resources” chapter in UG331.

refer to the “Using KO

10B Overview

The Input/Qutput Block (IOB} provides a programmable,
unidirectional or bidiractional interface between a package
pin and the FPGA's internal logic. The IOB Is similar 1o that
of the Spartan-3 family with the following differences:

* Input-only blocks are added

*  Programmable input delays are added to all blocks

* DDR flip-flops ¢an be shared between adjacent I0Bs
The unidirectional input-only block has a subset of the full
|08 capabitities. Thus there are no connections ar lagic for

an output path. The following paragraphs assume that any
reference to output functionality does not apply to the
input-only blocks. The number of input-only blocks varies
with device size, but is never more than 25% of the total IQB
count.

Figure 5, page 11 is a simplified diagram of the IOB's inter-
nal structure. There are three main signal paths within the
|OB: the output path, input path, and 3-state path. Each
path has its own pair of storage elements that can act as
either registers or latches. For mora information, see Stor-
age Element Functions. The three main signal paths are
as follows:

* The input path camries data from the pad, which is
bonded to a package pin, through an optional
programmabte delay element diracily to the | line. After
the delay element, thare ars alternate routes through a
pair of storage elements to the IQ1 and 1Q2 lines. The
IOB outputs |, [Q1, and 1Q2 lead to the FPGA's interna)
logic. The delay element can be set to ensure a hold
time of zero (see Input Delay Functions).

= The output path, starling with the ©1 and O2 lines,
carries data from the FPGA's internat logic through a
multiplexer and then a three-state driver to the OB
pad. In addition to this diract path, the multiplexer
provides the option to insert a pair of storage elements.

+ The 3-state path determines when the output driver is
high impedance. The T1 and T2 lines carry data from
the FPGA's internal logic through a multiplexer to the
output driver. In addition 10 this direct path, the
multiplexer provides the option to insert a pair of
storage elements.

* All signal paths entering the 10B, including those
associated with the storage elements, have an inverter
option. Any inverter placed on these paths is
automatically absorbed into the HOB.

wyw, xilinx.com
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Functional Description
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1. AIlIOB control and output path signals have an inverting polariy option wihtin the 108,
2. IDDRINY/IDDRINZ signals shown with dashed lines connect to the adjacent !0B in a differential pair only. not to the FPGA fabric.

Figure 5: Simplified {OB Diagram
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