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Embedded System Design

Embedded System Hardwarey

Embedded system hardware is frequently used in a loop
( h d i l “)(„hardware in a loop“): actuators
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Target technologies

Processing units

g g

Processing units
 Power efficiency of target technologies
 ASICs
 Processors

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

 Reconfigurable Hardware
 Memory
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اي هاي چندرسانه پردازنده/ها دستورالعمل
Multimedia Instructions/ProcessorsMultimedia-Instructions/Processors

ويلدستورالعمل هاي چندرسانه اي از ثبات ها و جمع كننده هاي طويل استفاده ي ع ج و ب ز ي ر چ ي ل ور
،)بيت ۶۴يا  ۳۲(مي كنند 

بيت۸(هستند narrowدر حالي كه اكثر انواع داده  اي چندرسانه اي باريك
)بيت براي نمونه هاي صوتي در هر كانال۱۶براي رنگ پيكسل ها،

 ۲  مقدار مي تواند در يك ثبات ذخيره شود يا جمع شود ۸تا.

+

4 additions per instruction; 
carry disabled at word boundaries
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Early example: HP precision architecture (hp PA)y p p ( p )

Half word add instruction HADD:

Half word add?

Optional saturating arithmetic.
U t 10 i t ti b l d b
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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.
M lti di i t 0 7Multimedia registers mm0 - mm7,
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]
Pcmpgt[b/w/d]

Result= "11..11" if true, "00..00" otherwise
Result= "11 11" if true "00 00" otherwisePcmpgt[b/w/d] Result= 11..11  if true, 00..00  otherwise

Pmullw
Pmulhw

multiplication, 4*16 bits, least significant word
multiplication, 4*16 bits, most significant word
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Pentium MMX-architecture (2)( )

Psra[w/d]
Psll[w/d/q]

No. of 
positions in 

i t

Parallel shift of words, double 
words or 64 bit quad words

Psrl[w/d/q] register or 
instruction

Punpckl[bw/wd/dq] Parallel unpackPunpckl[bw/wd/dq]
Punpckh[bw/wd/dq]

Parallel unpack
Parallel unpack

Packss[wb/dw] saturating Parallel pack
Pand, Pandn
Por, Pxor

Logical operations on 64 bit words

Mov[d/q] Move instruction
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Application

درون يابي  
شد ا مقياس شده بين  ق
دو تصوير

Scaled 
interpolation 
between 
two images

Next word =
pxor         mm7,mm7        ;clear register mm7
movq mm3 fade val ;load scaling valueNext word  

next pixel, 
same color.

movq       mm3,fade_val  ;load scaling value
movd       mm0,imageA    ;load 4 red pixels for A
movd       mm1,imageB    ;load 4 red pixels for B
unpcklbw mm1,mm7        ;unpack,bytes to words

klb 0 7 b t f 7

4 pixels 
processed 
at a time

unpcklbw mm0,mm7        ;upper bytes from mm7
psubw      mm0,mm1       ;subtract pixel values
pmulhw    mm0,mm3       ;scale
paddw      mm0,mm1       ;add to image B

k b 0 7 k d t b t
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Ultra-SPARC Processor

visual instruction set (VIS)visual instruction set (VIS)
• Instruction for MPEG motion estimation,

includes 8 subtractions 8 additions and 8 absolute valueincludes 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 p p y 3
instructions.

• ..
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هاي كلمه دستورالعمل بسيار طويل پردازنده
Very long instruction word (VLIW) processorsVery long instruction word (VLIW) processors

تشخيص امكان موازي سازي كه بايد توسط كامپايلر:ي كليديايده يي ي ري ي پ و ي ب زي زي و ن يص
).كه ناكارامد است(انجام شود، نه توسط سخت افزار در زمان اجرا

VLIW:موازي )دستورالعملها(عمليات VLIW:دستورالعمل ها(عمليات موازي (
كد مي شود،) بسته دستورالعمل(در يك كلمه ي طولاني 

:مثال.هر دستورالعمل يك واحد كاركردي را كنترل مي كند
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EPICاستفاده با كامپيوترهاي  هاي بي اجتناب از دستورالعمل
explicit parallelism instruction computers (EPIC)explicit parallelism instruction computers (EPIC)

موازي سازي توسط كامپايلر تشخيص داده مي شود و كد مي گردد،
اما هيچ رابطه ي يك به يكي بين بسته هاي دستورالعمل با طول ثابت و

.موازي سازي وجود ندارد
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The Texas Instruments
TMS 320C6xx as an exampleTMS 320C6xx as an example

.كند يك بيت در هر دستورالعمل، پايان اجراي موازي را كد مي
31      0

0

31      0

0

31      0

1

31      0

0

31      0

1

31      0

1

31      0

10
Instr. 
A

0
Instr. 
D

1
Instr. 
F

0
Instr. 
G

1
Instr. 
E

1
Instr. 
C

1
Instr. 
BA D F GECB

Cycle Instruction نمي توانندDوB،Cدستورالعمل هاي
1 A
2 B C D

از واحدهاي كاركردي يكسان،
مسيرهاي تقاطعي يا ديگر منابع مسير 

كنند استفاده براي.داده، مطلب اين
3 E F G

اين مطلب براي .داده، استفاده كنند
E ،F  وG نيز درست است.

Parallel execution cannot span several packets
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Parallel execution cannot span several packets.
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هاي ثبات افرازشده فايل
Partitioned register filesPartitioned register files

يبراي فراهم كردن تعداد كافي عملوند در هر چرخه، درگاه هاي حافظه ي • ي ر چر ر ر و ي ن ر م ر بري
.زيادي لازم است

.گران هستند(Multi-port)حافظه هاي داراي چند درگاه •

D t th A

ر چ ي ر )ي p رن(
T1C60xافراز مي شوند، براي مثال، ) تا ۲اغلب (ثبات ها به چند مجموعه •

register file A register file B

Data path A Data path B

L1 S1 M1 D1 D2 M2 S2 L2L1 S1 M1 D1 D2 M2 S2 L2 
Address bus
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IA-64پذيري بيشتر در كدگذاري با ايتانيوم  انعطاف
M di fl ibilit ith IA 64 It iMore encoding flexibility with IA-64 Itanium

3 instructions per bundle:

instruc 1            instruc 2            instruc 3              template
0127

Instruction 
grouping

There are 5 instruction types:
 A : common ALU instructions grouping 

information
A :  common ALU instructions
 I :   more special integer instructions (e.g. shifts)
 M : Memory instructions
 F :  floating point instructions
 B :  branches

Th f ll i bi ti b d d i t l tThe following combinations can be encoded in templates:
MII, MMI, MFI, MIB, MMB, MFB, MMF, MBB, BBB, MLX

with LX = move 64-bit immediate encoded in 2 slots
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ها و انواع دستورالعمل قالب
Templates and instruction typesTemplates and instruction types

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

bundle 1 bundle 2

… MMI    M_II     MFI_     MII    MMI   MIB_

Group 1 Group 2 Group 3

Very restricted placement of stops within bundleVery restricted placement of stops within bundle.
Parallel execution within groups possible.
Parallel execution can span several bundles
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يافته به انواع واحدهاي كاركردي انواع دستورالعمل نگاشت
Instruction types are mapped to functional unit typesInstruction types are mapped to functional unit types

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

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

• 410M transistors0 a s s o s
• 374 mm2 die size
• 6MB on-die

L3 cacheL3 cache
• 1.5 GHz at 1.3V

© I t l 2003
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© Intel, 2003
[ftp://download.intel.com/design/itanium2/download/madison_slides_r1.pdf]
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Philips 
TriMedia-ProcessorTriMedia-Processor

For 
multimedia-

li tiapplications, 
up to 5 
instructions/instructions/
cycle.

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006 - ١٨ -

http://www.semiconductors.philips.com/products/nexperia/media_processing/pnx1500/© Philips



Embedded System Design

The M3 VLIW DSP Processor
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VLIWهاي  هاي تاخير، يك مشكل پردازنده تعداد زياد شكاف
Large # of delay slots a problem of VLIW processorsLarge # of delay slots, a problem of VLIW processors

add sub and oradd sub and or

sub mult xor div

ld st mv beq
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VLIWهاي  هاي تاخير، يك مشكل پردازنده تعداد زياد شكاف
Large # of delay slots a problem of VLIW processorsLarge # of delay slots, a problem of VLIW processors

add sub and or

sub mult xor div

ld st mv beqq
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VLIWهاي  هاي تاخير، يك مشكل پردازنده تعداد زياد شكاف
Large # of delay slots a problem of VLIW processorsLarge # of delay slots, a problem of VLIW processors

add sub and or

sub mult xor divsub mult xor div

ld st mv beq

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006 - ٢٢ -



Embedded System Design

VLIWهاي  هاي تاخير، يك مشكل پردازنده تعداد زياد شكاف
Large # of delay slots a problem of VLIW processorsLarge # of delay slots, a problem of VLIW processors

add sub and or

b lt disub mult xor div

ld st mv beq

لازم  )پرش(اجراي چندين دستورالعمل پيش از تحقيق در مورد اينكه آيا دستورالعمل انشعاب 
.است يا خير آغاز شده است

.لغو اجراي اين دستورالعمل ها حجم زيادي از توان محاسباتي را هدر مي دهد ه ي ر ه ر ي ب ن و ز ي زي جم له ور ين جري و
اجراي اين دستورالعمل ها يك ويژگي  را اعلان مي كند، نه يك اشكال.
   را با دستورالعمل هاي مفيد پر كرد؟» شكاف هاي تاخير«چگونه مي توان همه ي
است ممك كه رت ص هر در انشعابها از اجتناب
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عاري از انشعابIFپياده سازي دستورهاي:اجراي محمولي
P di t d ti I l ti IF t t t “b h f ”Predicated execution: Implementing IF-statements “branch-free”

Conditional Instruction “[c] I” consists of:Co d t o a st uct o [c] co s sts o
• condition c
• instruction I

c = true =>  I executed
f l > NOPc = false =>  NOP
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Predicated execution:
Implementing IF statements “branch free”: TI C6xImplementing IF-statements branch-free : TI C6x

Conditional branch Predicated execution
if (c)
{ 

Co d t o a b a c

[c] B L1

ed cated e ecut o

[c]  ADD  x,y,a
a = x + y;
b = x + z;

}

NOP 5
B L2
NOP 4

|| [c]  ADD  x,z,b
|| [!c] SUB  x,y,a
|| [!c] SUB x z b}

else
{

NOP 4
SUB x,y,a

||  SUB x,z,b

|| [!c] SUB  x,z,b

{
a = x - y;
b = x - z;

}

|| , ,
L1:      ADD x,y,a

||  ADD x,z,b
} L2:

max. 12 cycles 1 cycle
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Target technologies

Processing unitsg
 Power efficiency of target technologies
 ASICs
 ProcessorsProcessors

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

V l i t ti d (VLIW) & EPIC hi• Very long instruction word (VLIW) & EPIC machines
• Micro-controllers

 Reconfigurable Hardware
 Memory
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منطق قابل پيكربندي مجدد
Reconfigurable LogicReconfigurable Logic

تراشه هاي كاملاً سفارشي احتمالاً بسيار گران هستند،
.نرم افزار بسيار كند است

تركيب سرعت سخت افزار با انعطاف پذيري نرم افزار.
 استفاده از سخت افزار قابل پيكربندي مجدد؛

field programmable gate arrays  (FPGA)شكل متداول       
ا اكا ا الگ :الگوريتم هاي بيت محور مانند:كاربردها

رمزنگاري •
ا• اش نظا(ازشنا )زشك )پزشكي و نظامي(بازشناسي سريع اشيا•
تلفن هاي همراه قابل تطبيق با استانداردهاي گوناگون •

از متداول بسيار وسايل بسيار متداول ازوسايل
• XILINX (XILINX Vertex II are very recent devices)
• Actel and others
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Floor-plan of VIRTEX II FPGAsp
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Virtex II Configurable Logic Block (CLB)g g ( )
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Virtex II Slice (simplified)( p )

Look-up tables LUT F and G can be used to a b c d Goo up tab es U a d G ca be used to
compute any Boolean function of ≤ 4 variables. 0 0 0 0 0

0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1Example:
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
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Virtex II 
(Pro) Slice(Pro) Slice

[© and source: Xilinx Inc.: 
Virtex-II Pro™ Platform 
FPGAs: Functional 
Description, Sept. 2002, 
//www.xilinx.com]
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2 carry paths per
CLB (Vertex II Pro)CLB (Vertex II Pro)

Enables efficient ab es e c e t
implementation of 
adders.

[© and source: Xilinx Inc.: Virtex-II Pro™ 
Platform FPGAs: Functional Description, Sept. 
2002, //www.xilinx.com]
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Shift register configurationg g

Sli b fi d hift i tSlices can be configured as shift registers
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Implementing sums of products

Dedicated or chain for computing sum of productsDedicated or chain for computing sum of products

at
e

A
N

D
 g

a
in

pu
t A

16
-i
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Number of resources
il bl i Vi t II P d iavailable in Virtex II Pro devices
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Embedded Multipliersp

A Virtex-II Pro multiplier block Device Columns Multipliersp
is an 18-bit by 18- signed 
multiplier.

Device Columns Multipliers
XC2VP2 4 12
XC2VP4 4 28XC2VP4 4 28
XC2VP7 6 44
XC2VP20 8 88

Multipliers are connected to a 
switch matrix, share some 
bits with RAM

XC2VP30 8 136
XC2VPX20 8 88
XC2VP40 10 192

bits with RAM 
(MAC instruction). 

XC2VP40 10 192
XC2VP50 12 232
XC2VP70 14 328XC2VP70 14 328
XC2VPX70 14 308
XC2VP100 16 444
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Interconnect

ur
ce

s
R

es
ou

ou
tin

g 
hi

ca
l R

ie
ra

rc
h
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Virtex II Pro DevicesVirtex II Pro Devices 
include
up to 4 PowerPCup to 4 PowerPC 
processor cores

[© and source: Xilinx Inc.: Virtex-II Pro™ Platform 
FPGAs: Functional Description, Sept. 2002, 
//www.xilinx.com]
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Memory for processor coresy p

CCores are 
connected to local 
block RAM that canblock RAM that can 
be used as a 
scratchpad.
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خلاصه
Processing unitsg
 Power efficiency of target technologies
 ASICs

P Processors
• Energy efficiency
• Code size efficiency and code compaction• Code size efficiency and code compaction
• Run-time efficiency
• DSP processorsp
• Multimedia processors
• Very long instruction word (VLIW) machines

Mi t ll• Micro-controllers
 Reconfigurable Hardware
 Memory

Covered 
today
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