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Embedded System Design

Target technologies

Processing units
. Power efficiency of target technologies
. ASICs
. Processors
. Energy efficiency
. Code size efficiency and code compaction
. Run-time efficiency
. DSP processors
) - Multimedia processors
. Very long instruction word (VLIW) & EPIC machines
. Micro-controllers
- Reconfigurable Hardware
. Memory
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64 bits

4 additions per instruction;

word3 | word 2 word 1 word 0 carry disabled at word boundaries.
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Early example: HP precision architecture (hp PA)

Half word add instruction HADD:
Ra Rb

al a2 bl b2

v L

; cl=al+bl ; / ; c2=a2+b2 ;
<0’
Half word add?

Rt \[I Y
cl c2

Optional saturating arithmetic.
Up to 10 instructions can be replaced by HADD.
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Pentium MMX-architecture (1)

64-bit vectors representing 8 byte encoded, 4 word
encoded or 2 double word encoded numbers.

wrap around | saturating options.

Multimedia registers mmO - mm?7,
consistent with floating-point registers (OS unchanged).

Instruction Options Comments

Padd[b/w/d] wrap around, | addition/subtraction of

PSub[b/w/d] saturating bytes, words, double words

Pcmpeq[b/w/d] Result="11..11" if true, "00..00" otherwise
Pcmpgt[b/w/d] Result="11..11" if true, "00..00" otherwise
Pmullw multiplication, 4*16 bits, least significant word
Pmulhw multiplication, 4*16 bits, most significant word
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Pentium MMX-architecture (2)

Psra[w/d] No. of Parallel shift of words, double
Psli[w/d/q] positions in | words or 64 bit quad words
Psri[w/d/q] register_ or

instruction
Punpckl[bw/wd/dq] Parallel unpack
Punpckh[bw/wd/dq] Parallel unpack
Packss[wb/dw] saturating Parallel pack
Pand, Pandn Logical operations on 64 bit words
Por, Pxor
Mov[d/q] Move instruction
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Application

bosss Bild A ﬁ Bild B Hﬂ
Ox ob ywlido B B

G e
29405 9 ImageA R ImageB R
Ar3 |Ar2 |Arl Ar0

Br3 | Br2 | Br
Scaled mmo L// / mm| // /

1| Br0

interpolation
between e
) mm(=mm0-mml
two |mag es fade_val | fade_val @ fade_val | fade_val
* m :clear register mm?7
— mmO=mm0*mm3 ' '
Next WO-rd- - movq mm3,fade_val ;load scaling value
next pixe|’ movd  mmo,imageA ;load 4 red pixels for A
+t=— mml movd mm1l,imageB ;load 4 red pixels for B
same color. mm0=mm0+mm| _
unpcklbw mm1,mm?7 ;unpack,bytes to words
unpcklbw mmO0O,mm7 ;upper bytes from mm7
4 pixe|s - \ \ psubw  mmO,mm1 ;subtract pixel values
d pmulhw  mmO,mm3 ;scale
prOCeSSG paddw  mmO,mml ;add to image B
at a time. packuswb mmO,mm7  ;pack, words to bytes
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Ultra-SPARC Processor

visual instruction set (V1S)

* Instruction for MPEG motion estimation,
Includes 8 subtractions, 8 additions and 8 absolute value
computations on 8 bit data in a single cycle.
Replaces up to 1500 instructions by 32 of such
Instructions.
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Very long instruction word (VLIW) processors
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= instruction packet =

instruction 1

instruction 2

instruction 3

instruction 4

Y

¢

¢

¥

floating point
unit

integer
unit

integer
unit

memory
unit
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explicit parallelism instruction computers (EPIC)
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The Texas Instruments
TMS 320C6xx as an example

S 50 35 1) 6 lge shral obl «(Josdl) siws 1 )8 wp K
31 031 031 031 031 031 031 0]

0 1 1 0 1 1 0
Instr. Instr. Instr. Instr. Instr. Instr. Instr.
A B C D E F G
Cycle Instruction 3155003 D 5 C B sl pasl piass
1 A / W 53,58 slaaals
2 B C D Sl o odloo (gl L34S oslaiwl wwals
3 E F G el s> 58 G 9 F E

Parallel execution cannot span several packets.
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Partitioned register files

Gabbdls slaoclh )y a n )8 ) Miglac (SIS Slass ys 8 r;.Ql)é Slo
sl )Y (5oL

i glL,S (Multi-port) o5 )s sis shls slaakasls e
T1CB0X Jlio (5l 5 3 5 y0 3l (6 ¥ odétl) ac gomo 2in 45 laesls @

register file A reqgister file B
1 1 i A I 1 1
L1 S1 M1 D1 D2 M2 | [ S2 L2
Address bus

Data bus
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3 instructions per bundle:

127 0
Instruc 1 Instruc 2 Instruc 3 template

There are 5 instruction types:
= A: common ALU instructions
= | . more special integer instructions (e.g. shifts)
= M : Memory instructions
» F . floating point instructions
= B : branches
The following combinations can be encoded in templates:
= MIl, MMI, MFI, MIB, MMB, MFB, MMF, MBB, BBB, MLX
with LX = move 64-bit immediate encoded in 2 slots
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Jead)glwd glgil 9 LaJls
Templates and instruction types

End of parallel execution called stops.
Stops are denoted by underscores.
Example:

bundle 1 bundle 2

A A A A A
Voo Vo V0 \ \

(
MMl M Il MFIL_ Ml MMI MIB_

- A _ N— g
—~—

Group 1l Group 2 Group 3

Very restricted placement of stops within bundle.
Parallel execution within groups possible.
Parallel execution can span several bundles
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Instruction types are mapped to

There are 4 functional unit (FU) types:
= M : Memory Unit
= | : Integer Unit
= F . Floating-Point Unit
= B : Branch Unit

Instruction types — corresponding FU type,
except type A (mapping to either | or M-functional units).
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L3 cache Implementation: Itanium 2 (2003)

e 410M transistors
e 374 mm?2die size
* 6MB on-die

L3 cache
e 1.5GHz at 1.3V

]j nmnnm"f HE)
df Ellilllll!ll[

5.& MR
wn\hmm

20,00, M O} [WvosTovl _

i EE!IIIII]IHE || IL i
|
|

————

| © Intel, 2003

g [ftp://download.intel.com/design/itanium2/download/madison_slides_r1.pdf]
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For
multimedia-
applications,
upto 5
Instructions/
cycle.

CCIR&E56
or data

125 audio

DDR SDRAM

IN ROUTER

MAIN MEMORY
INTERFACE

VIDEO IN

QVCP/LCD

FAST GENERIC
PARALLEL IN

FAST GENERIC
PARALLEL OUT

SPDIF audio

¥

AUDIO IN

AUDIO OUT

OUT ROUTER

CCIR&56, HD,
VGA, LCD,
| data

» 125 audio

Ethernet 10/100
MAC

h 4

SPDIF IN

SPDIF OUT

¥

10 /100 MAC

TRIMEDIA SW DEBUG

&

# SPDIF audio

JTAG

VIDEO SCALER
AND DE-INTERLACER

2D DRAWING ENGINE

VLD COPROCESSOR

L
27 MHz == BOOT, RESET, CLOCKS
XTAL T
12c 4 »  MISCI/O, TIMERS,
COUNTERS, &
GPIO < > SEMAPHORES
INSTR
TMi60 | CACHE
cPU
DATA
CACHE

DVD DESCRAMBLER

PCI INTERFACE

v

to
# PCI/XIO bus

INTERNAL BUS

http://mwww.semiconductors.philips.com/products/nexperia/media_processing/pnx1500/© Philips
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The M3 VLIW DSP Processor

256 bit—-wide memory

A $
V ...........

Interconnection network
\

e~

Data-path 0 j«=—=| |=—=
Data—path 2 (<—=

Data—path 1 |<
Data-path 14<=—= .
Data—path 15<=— <

Designed at TU Dresden (G. Fettweis et al.)
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VLIW tsLma..x.» IS pa JSuino S5 pad s (L BLLD SL) Slass
Large # of delay slots, a problem of VLIW processors
add sub and or
sub  ndaley s@e  div
Z A \ RN — -
pipeline = ld _~ }st '/ [mv beq instruction fetch

i . ,
stages i % v \ \ | instruction decode

instruction execute

register writeback Vt
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VLIW le.mo..b)l.)).a JSno S5 pual

Larg

pipeline =

stages i

e

<—

add sdbay said  or

Sub” TAtalt TXok div
f \

47 stV MV Tbee

AL JbL) dlo=s

/LIW processors

instruction fetch

instruction decode

instruction execute

register writeback V’[
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VLIW oo 331 o JSuine S pad b (sladlih Jb) dlass
Large # of delay slots, a problem of VLIW processors
Iay slots
VAN NS
Z ‘//}.'/»‘i f = “"- =
pipeline = | add”™ sub a\[l“(\,l Jors instruction fetch

stages i Sub//x mult xorF  ldivX instruction decode

[o st mv |beq instruction execute

register writeback V’[
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elay slots
77| NN
4 ;f' S
pipeline = | add” /SL}J/tj a\lja ok instruction fetch

Stages i SUb}/ mult XO\i’ dlvﬁ Instruction decode

Id st mv |beq instruction execute

register writeback Vt
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ol jl g le IF gla y95m (5w by ; Jgoxo (5l yal

Predicated execution: Implementing IF-statements “branch-free”

Conditional Instruction “[c] I” consists of:
e condition c
* instruction |

c = true => | executed
c = false => NOP
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Implementing IF-statements “branch-free”: Tl C6x

If (C)
{
a=x+y,;
b=Xx+2z:
}
else
{
a=x-y,;
b=xX-2z
}

Predicated execution:

Conditional branch

Predicated execution

[c] B L1
NOP 5
BL2
NOP 4
SUB x,y,a
|| SUB x,z,b
L1: ADD x,y,a
|| ADD x,z,b
L2:

c] ADD x,y,a
c] ADD x,z,b
Ic] SUB x,y,a
Ic] SUB x,z,b

max. 12 cycles

1 cycle
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Target technologies

Processing units

. Power efficiency of target technologies

. ASICs

. Processors
. Energy efficiency
. Code size efficiency and code compaction
. Run-time efficiency
. DSP processors
. Multimedia processors
. Very long instruction word (VLIW) & EPIC machines
. Micro-controllers

) - Reconfigurable Hardware
- Memory
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Reconfigurable Logic

Qs Ol Hlews Yloial s plaw WolS slaaiisl ;5
FETUTY B R | FPITE) )I)'élro).s
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(3% (S S ol Ll il Jl oslaiwl <=
(FPGA) field programmable gate arrays Jslaso JSis
:3diile ) g=o iy ksLQroI._g)ﬂle 1D Hu)H)ls
CILSV IR
(ool 9 SSub 53) Lubl @ paw uolihs L ¢
WS boS las )lasluwl b guudos Jold ol yoy slayals @
Al Jlaio Hlwe Jolws
o XILINX (XILINX Vertex Il are very recent devices)
e Actel and others
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Floor-plan of VIRTEX Il FPGAs

Digital clock manager /O Blocks

T
!

Configurable Logic
I
|
|
|
|

/
1

qannafnnoanmmmnoonmnnon

Configurable Logic

Programmble |/Os

Block RAM  Multiplier
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Virtex Il Configurable Logic Block (CLB)

COUT/[\
slice
- = =
X1Y1
slice
- = —
x COUT) X'WO'[‘
© CIN
= \l/ fast connects
g = ;’(IBC; < > to neighbourghs
w
slice
—_— - =
X0YO
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Virtex Il Slice (simplified)

Look-up tables LUT F and G can be used to
compute any Boolean function of < 4 variables. 8 8 8 2 ‘1’
"""""""""""""""""""""""""" 0/0|1|0]|1
AN 0(0|1]1]0
RAM 16| . § ORCY ERCIE
WX o|1]|of1]0
| SRL6L ~ 2 o[1]1]o]o0
- : O|1(1(1(1

N I r - .
> L\UT\G\ CY egister | - Example: [TTo(o[o]7
RAM 16 "~ ' 1/0]0j1]0
. 10 1{0(1]{0|0
N \ N x 110(1(2(1
+ [ERENE D 1(1]0]0]0
‘| LUTE register 1]1]041}1
\ | |CY 1]1]2o]1
-------------------------------------------- 1]1/1{1]0
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\FTr0) oliCe son> 'ﬁ| oRoY
o ) D * —» SOPOUT
O Dual-Port Ij YBMUX
[ Shift-Reg = YB
— 7 I ngcvl _I)
= B our
G2 —> A2
G1 = » a1 DROM D w
WG4 —> wad o GYMUX — Y-
WG3 > WG3 ’ ) ) =
WG1T > waGt —l XORG OFF
N ws D CILATCH
ALTDIG > .
J G DYMUX D Ql—r—aq
f;DMULT&ND Fop Gelee ¥
—|BY CYOG CLK— CK
l:_ SR REV
BY -—D !
b
SLICEWE[2:0] WSG SHIFTOUT SR
— WE[2:0] —>DIG
WE

| CHK MUXCY
WSF 8] |
|
CE D—@
Shared between
CLK D—L—OD [ ¢ x & y Registers

[© and source: Xilinx Inc.:
Virtex-1l Pro™ Platform
FPGAs: Functional
Description, Sept. 2002,
Ilwww.xilinx.com]
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2 carry paths per car o

b to SO of the next CLB to CIN of 52 of the next CLB
CLB (Vertex Il Pro) rri
Enables efficient =
Implementation of '
adders. ko

I |
| |
| 1
| I
: 1

|
| I
: 1

|
| I
: |

1
| I
: 1

I
| I
: 1

|
| I
| |
: 1

I
| |
: 1
I SLICE 82 I
| 0 |\ MUXCY I
: l—lﬁr_\ Muxcy Lur . i |
I FF = I
I LUT [ |
| I
: 1

I
| |
: 1

|
| I
: |

1
| I
| |
: 1

I
I 1
: |

I
| I
: |

I
| |
: 1

|
| I
: |

|
| I
: |

1
| |

b

SLICE S1
T Ty MUXGY
L

LUT FF
. [
P—
CIN
cour (Second Carry Chain)
5T, MUXCY
LuT T D
[
pi
l—/cTrT\ MUXCY SLICE S0
LuT ] FF
; [

[© and source: Xilinx Inc.: Virtex-1l Pro™
Platform FPGAs: Functional Description, Sept. ™ rcw .
___________ T

2002, /lwww.xilinx.com]
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Shift register configuration |

i 1 Shift Chain i

| " -_Joém.cwo B EI |

I MG15 ] :

1 DI i

i saLcis [ EI :

. . o o MC15 |+ "
Slices can be configured as shift registers | o e |
I

| SHIFTIN i

1 o pt I

E eALC1E El i

sHFTNY  SRLC16 : ,_-’ |
Lo . R P I o ol [FF] |1

| | Tl | sk B |

| e T ] SLIGE 82 1

| m SHIFT-REG L T .i _____ SHIFTOUT E
A0l el Ald] D :L -Cutpu | |
MC15 = I i B ]

I MC15 I D Q _._guégiléi?ﬂ | 52"&612 EI !

ws DI tput ! 1 !

| | i i

DY) — | [T ] |
: WsG I {optional) ! MC15 | S i

! - ~SAIFTO |

CE (SR)—L—={WE | ———‘:———F__;—sn ouT |
CLK —:—r CK : ———————— : | SHIFTIN :
————— | DI B = I

———— ' 1 .

i FUR e, ] |

Y SHIFTOUT i — i

: SRL(;:C?.IS _—I @ SLICE S0 :

I |

— |

| CASCADABLE QUT |
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Implementing sums of products

Dedicated or chain for computing sum of products

Embedded System Design
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Number of resources
available in Virtex ll Pro devices

Table 16: Virtex-ll Pro Logic Resources Available in All CLBs

Embedded System Design

Max Distributed
CLB Array: | Number SelectRAM+ or Number
Row x of Number Shift Register Numberof Number of of SOP

Device Column Slices | of LUTs (bits) Flip-Flops | Carry Chains(!) | Chains(1)
XC2vp2 16 x 22 1,408 2,816 45,056 2,816 44 32
XC2VP4 40 x 22 3,008 6,016 96,256 6,016 44 80
XC2VP7 40 x 34 4,928 9,856 157,696 9,856 68 80
XC2vP20 56 x 46 9,280 18,560 296,960 18,560 92 112
XC2VP30 80 x 46 13,696 27,392 438,272 27,392 92 160
XC2VP40 88 x 58 19,392 38,784 620,544 38,784 116 176
XC2VP50 88 x 70 23,616 | 47,232 755,712 47,232 140 176
XC2VP70 104 x 82 33,088 | 66,176 1,058,816 66,176 164 208
XC2VP100 120 x 94 44,096 88,192 1,411,072 88,192 188 240
XC2VvP125 136 x 106 55,616 | 111,232 1,779,712 111,232 212 272
Notes:

1. The carry-chains and SOP chains can be split or cascaded.

[© and source: Xilinx Inc.: Virtex-1l Pro™ Platform FPGAs:

Functional Description, Sept. 2002, //www.xilinx.com]
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Embedded Multipliers

A Virtex-1l Pro multiplier block : .
: : ) Device Columns | Multipliers
Is an 18-bit by 18- signed
multiplier. XC2VP2Z 4 12
— XC2VP4 4 28
Mu.ltlpllers are connected to a XC2VP7 5 14
switch matrix, share some
bits with RAM xC 8 88
(="MAC instruction). XC2VP30 136
XC 20 |8 88
D XC2VP40 |10 192
| XC2VP50 |12 232
TR e || 3 XC2VP70 |14 328
: XC2VPX70 |14 308
XC2VP100 |16 444
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Interconnect

24 Horizontal Long Lines -‘_ -‘_ .0 .‘_ -»
N 24 Vertical Long Lines
(D) . .
QO 120 Horizontal Hex Lines L L
h . .
8 120 Vertical Hex Lines ‘
(7)) 40 Horizontal Double Lines
(D) 40 Vertical Double Lines . -
d
C) -
E ) A
gt 16 Direct Connections ' ‘
> : .
o (total in all four directions) r :
Y .
S
O
: R ot
8 8 Fast Connects " |
© - .
| . e
D <
I
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Rocket I/O™
DCM Multi-Gigabit Transceiver

Virtex Il Pro Devices
include »
Q
up to 4 PowerPC S
processor cores 22 2
> G 2
o 2 o
= O nt
o w
=
S5 O
= O
o
CLB
Configurabl
Logic
[© and source: Xilinx Inc.: Virtex-1l Pro™ Platform
FPGAs: Functional Description, Sept. 2002,
[Iwww.xilinx.com]
Selectl/O™-Ultra DS083-1_01_010802
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Memory for processor cores

CPU-FPGA Interfaces

Cores are
connected to local
block RAM that can i

be used as a - ]
scratchpad. =3 .
(O ©
0 b
=l | ppc 405 <
Core g 3
0 <
= O
5 &
o
l\
\

Interface Logic
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duoda

Processing units

. Power efficiency of target technologies

. ASICs

- Processors
. Energy efficiency
. Code size efficiency and code compaction
. Run-time efficiency
. DSP processors
. Multimedia processors

. Very long instruction word (VLIW) machines
. Micro-controllers >
=  Reconfigurable Hardware Covered
today /

- Memory
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