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0 Hardware/Software RTOS
Generation Framework Goals

= To help the user examine which configuration is
most suitable for the user’s specific applications

= To help the user explore the RTOS design space
before chip fabrication as well as after chip
fabrication (in which case reconfigurable logic must
be available on the chip)

= To help the user examine different System-on-a-
Chip (SoC) architectures subject to a custom RTOS
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Motivation (1/3)

= HW/SW RTOS partitioning approach

= Previous innovations in HW/SW RTOS components
e System-on-a-Chip Lock Cache (SoCLC)

e System-on-a-Chip Dynamic Memory Management Unit
(SoCDMMU)

e System-on-a-Chip Deadlock Detection Unit (SoCDDU),
Deadlock Avoidance Unit (SoCDAU) and Parallel Banker’s
Algorithm Unit (PBAU)

e RTU Hardware RTOS
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Motivation (2/3)

= SOCDMMU: System-on-a-Chip Dynamic Memory
Management Unit

e Provides fast, deterministic and yet dynamic
memory management of a global on-chip memory

» Achieves flexible, efficient memory utilization

e Provides APIs for applications

NW
Analog Interface

Custom Logic
L1 Cache

Global Memory
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Motivation (3/3)

Constraints about using the previous HW/SW RTOS
innovations

e Perhaps not enough chip space for all three of them

e All of them may not be necessary

= The 0 framework

e Enables automatic generation of different mixes of the
previous innovations for different versions of a HW/SW
RTOS

e Enables selection of the RTU hardware RTOS

e Can be generalized to instantiate additional HW or SW
RTOS components
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Our RTOS 1n Post-Fabricaton Scenario

= Application(s) run on the SoC
using standard RTOS APIs

= Atalanta software RTOS
e A multiprocessor SoC RTOS

= The RTOS and device drivers are
loaded into the L2 cache memory

e All Processing Elements (PES)

= share the kernel code and data
structures

» Hardware RTOS components are
downloaded into the reconfigurable
logic

7
Dynamically Reconfigurable Architectures, Dagstuhl, April 2006 ©Georgia Institute of Technology, 2006




SoC Lock Cache

e A hardware mechanism that resolves the critical section
(CS) interactions among PEs

e Lock variables are moved into a separate “lock cache”
outside of the memory

e Improves the performance criteria in terms of lock latency,
lock delay and bandwidth consumption

'ty ... Pry lock

«————» Data [0]

interrupts
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Software/Hardware Architecture
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Experiment

= Example: Database transaction application [1]

Client

_ long_Req1l
transaction1

AN Access of
WO, Object O,
by transaction1

short_Req3

long_Req3

transaction3

transaction4
Access of

Object O,
by transaction3

[1] M. A. Olson, “Selecting and implementing an embedded database system,” JEEE Computer,
pp.27-34, September 2000.
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Experimental Setup
= Six custom RTOSes

With semaphores and spin-locks, no

HW components in the RTOS Soﬂware Hardware Base
. RTOS library RTOS library Architecture
With SoCLC, no SW IPCs Ty

With deadlock avoidance software, no

HW RTOS components I.

With SoCDAU

With SoCLC and SoCDAU
With RTU Y SO N

= Each with the Base architecture

= Each with application(s)

= Each executable in Seamless CVE
= 4 MPC750 processors -,
= Reconfigurable logic Pcs - D

= Single bus
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RTU Hardware RTOS

= An RTOS in hardware

« Real-Time Unit (RTU)
— scheduling
- IPC
— dynamic task creation
— timers

Custom hw => upper bound on # tasks

Reconfigurable hw => can alter max. # tasks, max. # priorities
Prof. Lennart Lindh, Malardalens U., Vésteras, Sweden
RealFast, www.realfast.se

Q0B Iau]
10]RJ3[220Y
19|Npayds

Dynamically Reconfigurable Architectures, Dagstuhl, April 2006 ©Georgia Institute of Technology, 2006




Methodology

= An SoC architecture with the RTU Hardware RTOS

I
I I I

Arbiter, Memory

Intr. Controller
Controller, and

Clock Memory

RTU in
Reconfig.
Logic
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Methodology

= An SoC architecture with a hardware/software RTOS

I
I I I

Bus Arbiter,
Intr.
Controller,
Clock

SoCLCin
Reconfig.
Logic

Memory
(Atalanta
RTOS)
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Methodoloc

K Delta SoC/RTOS Codesign Framewvrork -0l x|

Delta Framework for Automatic Generation of Configuration Files for a
Custom Hardware/Software RTOS

- 6 F ra m eWO rk PE selection Micellaneous
_— G UI PEl: PowerPC Mumber of cpus: |3

PE2:  PowerPC Humber of tasks: |6

PE3: PowerPC

PE4: PowerPC

Number of
Specialized Software Components Hardware Components IPC meth CPUS |n System

Deadlock Detection o RTU Semaphd
Memory Management SoCLC Event
SoCDDU MailBox
S0CDMMU Queue
Mutual

Allocation

Generate

Specilized SW IPC module
RTOS component HW RTOS linking method

component
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Implementation

= Verilog top file generation example

¢ Start Wlth RTU description ﬁary\ clock clock _gen (SYSCLK);
N—__ ] 0 -

e Generate instantiation code CLUCIEIC cpu_mpc750 cpul (...);

D RTU —
H 2 E = escC .
v multiple instantiations of | Wtu.rtu(struct) rtu_comp (...)

same unit if needed (e.g., enddesc arbiter arb (br_bar, bg_bar...)

PES) ~ (i) Add wires

l and initial states

e Add wires and initial (D] vire ADDR;
AVIIg \ire DATA;
statements SELCC Ve BR_BAR;

(EUTeJll Wire BG_BAR;
pumm— \/ire SYSCLK;

initial begin ... end:
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Experimental Results (1/3)

= Comparison
e A system with RTU hardware RTOS
o A system with SoCLC hardware and software RTOS

e A system with pure software RTOS
Total Execution Time Pure SW * With SoCLC Wlth RTU

6 tasks
30 tasks

* A semaphore is used in pure software and a hardware
mechanism is used in SoCLC and RTU.
17
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Experimental Results (2/3)

= The number of interactions

Number of semaphore
interactions

Number of context switches

Number of short locks
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Experimental Results (3/3)

= The average number of cycles spent on communication, context switch
and computation (6 task case)

communication 18944 3730 2075
context switch 3218 3231 2835

Dynamically Reconfigurable Architectures, Dagstuhl, April 2006 ©Georgia Institute of Technology, 2006




Hardware Area

SoCLC (64 short CS locks +

Total area 64 long CS locks)

RTU for 3 processors

TSMC 0.25um
library from 7435 gates About 250000 gates
LEDA
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Other Topics

Stack effect

Q%ﬂs-o
Sleepy Stack VLSI — J.C. Park g
Reverse Execution for Debug- [l g
ging — Tankut Akgul }

Stack effect

Worst Case Response Time — g
Yudong Tan

Active mode Sleep mode
Papers and pdfs of presentations

available at the codesign website
http://codesign.ece.gatech.edu
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Proliferation of Peripherals
ot e 26 peripherals

WF Keypad GFIO

e most customers use few
GRIO

High-Speed Camera I/F . Cal’ant SCale Well

WLAN a'big Serial Parallel

50/3D Graphics Imaging ¢ Opportunity fOI‘ StatiC

UART Accelerator Video Accelerator System Interface

(IVA) Power RBeset & dyn. reconﬁg.

EAC BT Shared Memory Cortroller/DMA Clock Mgr . .
MSIMMCISD * 1magine thousands of

: Timers, Interrupt Controller, Mailbox S0 0 Controllar
EAC MD downloadable
McESP SEEUFIW SHA1/MDS DESGDES BNG Conﬁguratlons

AES, PKA, Secure WDT, Keys C * dynamic and invisible to
user

LUART Internal SRAM, Boot'Secure ROM

Display

TV Ot
EACAC| |use oTG | | tDAC) | | Centreller
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“Third Way”?
Whither language?

Matlab — floating point everywhere!
VHDL — not liked by telecom, etc., designers

SystemC — huge class library, unclear impact
beyond hardware designers

Java — non-optimized, memory mngmnt. abstracted
C — tight RTL, bit-optimized, not supported

Legacy code — ARM example

=> heterogeneous language support, languages
chosen by user communities
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Conclusion

= A framework for automatic generation of a custom
HW/SW RTOS

= experimental results showing speedups with the SoCLC,
RTU

e additional hw RTOS component in references, e.g., for
deadlock avoidance (SoCDDU, SoCDAU, SoCPBAU) and
dynamic memory allocation (SoCDMMU)

= Comments on opportunities, issues
= peripherals
" lJanguages
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