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Data Path
Assumption: 4 Blocks (Register, ALU etc.)

j7 Transter:
OE-A\ OE-B OE-C OE-D from 1 to 4 = 1BUS

— o ey Wy W parallel Transfer possible
] 5] o i (4xBUS)
1 |

ENA & e S 1 Transfer / 4 x BUS
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Data Path - Floor plan

| bitslice
2 1 0

MDR

MAR
PC

ALU

ACC

IR

PC =12 Bit

MDR = 16 Bit

ALU = 16 Bit (Data word width) ACC = 16 Bit (+Carry)
MAR = 12 Bit (16 Bit instruction?) IR =16 Bit (4 Bit OpCode)
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Section of Data Path

Data bus

ALU

IR

Bit-slice(n-1) Bit-slice(n) Bit-slice(n+1)

Data flow

== Metal 1

==4 Metal 2 or Poly

Control flow
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Control Unit for State Machine

Next state (4bit)

Load

\ 4

| 4bit-counter

Combinatorial
Logics

“— OPCODE
— FLAGS

L

Load R/W Control Signals

OE ALU
Mode
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Control Unit with Micro Code-ROM

C D B %
0 ¢ Micro program E;

e ¢ ROM =
n 0 =
¢ d 011101111001 1} é
¢ ¢ e
J‘ PV Y Y Y Y Y Y YV Y vy

Load/count .
Flags — & 14-Control Signals
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Data path Organization of a simple Processor

Pipeline
Decode &
Control

[

PC

Instruction|
Fetch

i

MMU

T

I-cache

oT s
A 4

Register |g—

File

T

A4

il

D-cache

T s
A 4

Main Memory

Result Bus
Operand Bus B

Operand Bus A

A: Address Lines

D: Data Lines

PC: Program Counter
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Memory Management Unit (MMU) / Cache Controller

address___ dat

=0 E Elﬁ cache
CPU 2 % memor
<4 © Q address y
<
dat i data 1
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Performance Metrics

Time needed for execution of a program:

Total time= I/PeC/[ ¢T/C

Cycles period (Time / Cycles)

\ 4

Cycles / Instruction

Y

Instructions in Program

Optimizing Compiler Pipeline

Memory-Hierarchy

Register
Cache
Memory
Disk
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Complex Instruction Set Computer (CISC)

Command1 (1 |2
Command 2 1123145

Command 3 1 1213

10 Cycles
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Reduced Instruction Set Computer (RISC)

Command 1
Command 2
Command 3
Command 4

Command 5

15

Cycles

Kap 16
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Command 1

Command 2

Command 3

Command 4

Command 5

Pipeline

FD | OE

MW,

FD

OE | MW,

FD | OE MWI

FD | OE MWI

FD | OE MW|

7

FD | OE

MW

\4

\ 4

l

Memory Access+Write

Operand+Execute

Fetch +Decode

Cycles
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RISC - vs - CISC

RISC CISC
Instruction length(Bytes) Fix Variable
Instruction cycles Fix Variable
Instruction set Small Large
Instruction functionality Simple Complex
Hardwired Microcode
Control
OnHo (simple) ( Complex)
Addressing Register/Register Complex /Memory
Code-size Large Small
Pipeline Possible Hardly

Kap 16 13



RISC does not really mean ,,Reduced Instructions

e Complex instructions === Several Cycles
=== Muliplication
== Floating Point

e Parallel processing of several instructions

Instruction Integer
T Integer
4 Commands
Floating Point
A

Memory

\ 4

Kap 16 14



Modern Processor

v
S

Memory

a

Mem. Cache

|

anagement

v

Instruction
Unit
Instruction
Queue

Distributor
! ¥ v

fa

Integer-Unit Floating Point-Un]

Branch-Unit

Reg | [+-*/ Reg | [+-*/
I : I

Address-BUS Data-BUS Kap 16 15



Implementation Types

Flexibility
General-Purpose Processor
* CISC (complex instruction set)
* RISC (reduced instruction set)

* Microcontroller

- Digital Signal Processor (DSP)

 Application- Specific Instruction set
Processor (ASIP) SW

Configurable Hardware HW

* Field Programmable Gate Array (FPGA)

Application-Specific Integrated Circuit

* Application-Specific Integrated Circuit (ASIC)
Performance

Kap 16 16



What is System on a Chip?

Complex integrated circuit (IC)

that integrates the major functional elements of
a complete end-product into a single chip
using intellectual property (IP) blocks:

Programmable processor
Controllers
Signal processors

On-chip memory

Kap 16 17



Technical System

Actuators

Sensors

\ Analogue Shell

-

Program

Logic

Processor /

Memor
Y Algorithm

Logic

I/O Interface Digital Core

Human-Machine-Interface
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From Components to IP

Traditional design flow

ASIC/CPU Design - physical components ' System-on-a-Board

Integration
\{‘\‘L‘\L‘L\ Aebbhd . :f L f/{/// .
SOC design flow £ B
1 BIO.Ck Virtual components SOC
Authoring Integration
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From Board to Chip

System-on-Board
(SoB)

Embedded Software

API
Memory
Configurable
Hardware
DSP ASIC
Interface &  COre T
Peripherals DAC

RF/IF Subsystem

System-on-Chip
(SoC)
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System

A collection of all kinds of components and/or
subsystems that are appropriately interconnected
to perform the specified functions for end users.

Engineering design perspective for SoC:

Shrinking product design schedules
Lack of time for product iterations
Complex interoperability standards
Demand for higher performance
Demand for smaller sizes

Demand for lower power

Kap 16
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Example Bluetooth Handy

Link Manager

SRAM

Flash
(LM,HCI)

¥

5-chip-solution

Kap 16
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Integration with Standard CMOS

CPU
BASEBAND
ARM-7 VHDL CODE
Flash

(LM,HCI) SRAM

&=

Link Controller

Complete module

3-chip-solution
One-chip-solution requires a process with Flash and RF

Kap 16 23



Example for a Network-Processor

Embedded DRAM

Networks ‘
Glue Logic

Feripheral

QAM /
QPSK

EEPROM

Embedded Embedded
SRAM ROM

ADC ‘

I OsC




Thanks a lot

for your attendance.

See you again 1n the
summer term.



