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مرور كلي

Processing unitsg
 Power efficiency of target technologies
 ASICs

Processors Processors
• Energy efficiency
• Code size efficiency and code compactiony p
• Run-time efficiency
• DSP processors

M lti di• Multimedia processors
• Very long instruction word (VLIW) machines
• Micro-controllersMicro controllers

 Reconfigurable Hardware
 Memory
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حافظه
MMemory

:اهميت دارد كارامديبراي حافظه هم 
سرعتسرعت•
كارامدي انرژي •
اندازه• اندازه•
هزينه •
گ• د انا(فا اvolatileنا )persistentاناد )persistentمانادر برابرvolatileنامانا(صفات ديگر•
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يابند ي حافظه افزايش مي زمان دسترسي و مصرف انرژي با افزايش اندازه
Access times and energy consumption increases with the size of the memoryAccess times and energy consumption increases with the size of the memory

Example (CACTI Model):Example (CACTI Model): »ياكنون، اندازههم
هاي  برخي از برنامه
هر ماه۱۰كاربردي ماه۱۰كاربردي هر

يك بار دوبرابر 
»شودمي وي

[STMicroelectronics, 
Medea+ WorkshopMedea+ Workshop, 
Stuttgart, Nov. 2003]
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هاي ثبات چند درگاهي زمان دسترسي و مصرف انرژي براي فايل
Access times and energy consumption for multi-ported register filesAccess times and energy consumption for multi ported register files

C l Ti ( ) A (λ2 106) P (W)Cycle Time (ns) Area (λ2x106) Power (W)
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S d © H V l 2001
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سازي زيربانككاهش مصرف انرژي با 
Reducing energy consumption with Sub bankingReducing energy consumption with Sub-banking

مسيم هاي كوتاه تر،•
خازن هاي كوچك تر•
دسترسي سريع تر•
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ي آن است؟ چه ميزان از مصرف انرژي يك سيستم مرتبط به حافظه
H h f th ti f t i l t d?How much of the energy consumption of a system is memory-related?

Mobile PC
Th l D i (TDP) S P

Mobile PC
Thermal Design (TDP) System Power

600/500 MHz  uP
Other
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پراكندگي توان واحد پردازش مركزي
“CPU” Power Dissipation

IcacheOthers
42%/40% i l t d !Icache

26%
EBOX

8%

DMMU
8%

5% 42%/40% again memory-related !

Control L. Data Flow
TLB

Clock
10%

IMMU
9% Ibox

18%

Clock

16% 11%
I/O 
7%

TLB
17%

Dcache
16%

18%

19%

Cache
PLA
5%

ROM

Strong ARM

IEEE Journal of SSC 
Nov. 96

Power PC

23% 2%
Nov. 96

Based on slide by and ©: Osman S. Unsal, Israel Koren, C. 
Mani Krishna, Csaba Andras Moritz, University of 
Massachusetts Amherst 2001
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زمان دسترسي يك مساله خواهد شد

Speed.اصلي سرعت مي گيرد DRAMشكاف بين پردازنده و و ز پر يربين ي ر ي
8

4 • early 60ties (Atlas):
f lt 2500 i t tipage fault ~ 2500 instructions

• 2002 (2 GHz µP):
access to DRAM  ~ 500 ≥ 2x

every 22 instructions
 penalty for cache miss about 

same as for page fault in Atlas

every 2 
years

2 4 5 years31

p g

1
0
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بيني يك مساله است قابليت پيش
P di t bilit i bl (1)Predictability is a problem (1)

.سيستم هاي تعبيه شده اغلب، سيستم هاي بي درنگ هستند
.تضمين شودرعايت قيدهاي زماني بايد و ن

براي ارضاي رعايت قيود زماني در سيستم هاي بي درنگ : قابليت پيش بيني
نسخت، قابليت پيش بيني مهم ترين مساله است؛ ر م ي ش پ

معمولاً تنها وسيله ي عملي براي فراهم كردن  زمان بندي پيش  از زمان اجرا 
[Xu, Parnas]قابليت پيش بيني در يك سيستم پيچيده است پيچي م ي ي ر ي پيشبي ي ]ب , ]

 سيستم هاي عامل حساس به زمان، زمان بند به طور ايستا
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بيني يك مساله است قابليت پيش
Predictability is a problem (2)Predictability is a problem (2)

:موجود فعلي اين مساله را حل نمي كنندحافظه هاي نهان ن ه يي ل ر ين ي وجو
بهبود رفتار در حالت متوسط •
براي حافظه ي نهان»غيرقطعي«استفاده از الگوريتم هاي جايگزيني• م

Scratch-pad/tightly coupled memory based 
predictability
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SPMمراتبي با استفاده از هاي سلسله حافظه
Hi hi l i i t h d i (SPM)Hierarchical memories using scratch pad memories (SPM)

Hierarchy

main

Hierarchy

Example

Address space
ARM7TDMI 

ll k

SPM

processor cores, well-known 
for low power 
consumption

scratch pad memory

0
processor

scratch pad memoryno tag memory
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Comparison of currents using measurementsp g

E g : ATMEL board with ARM7TDMI and ext SRAME.g.: ATMEL board with ARM7TDMI and ext. SRAM

Current
32 Bit-Load Instruction (Thumb)
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1,1650
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m
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Main

Prog Main/ Data
SPM

Prog SPM/ Data
Main

Prog SPM/ Data SPM

Core+SPM (mA) Main Memory Current (mA)
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Comparison of energy consumption
Example: Atmel ARM Evaluation boardExample: Atmel ARM-Evaluation board

Main memory access takes more cycles energy reduction:Main memory access takes more cycles
savings (86%) larger than for current.

energy reduction:
/ 7.06

Energy
32 Bit-Load Instruction (Thumb)

140 0
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Prog Main/ Data Main Prog Main/ Data SPM Prog SPM/ Data Main Prog SPM/ Data SPM

Energy
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كنيم؟ ي نهان استفاده نمي چرا فقط از حافظه
Why not just use a cache ? (1)Why not just use a cache ? (1)

1. Predictability?
W t ti tiWorst case execution time 

(WCET) may be large
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[P. Marwedel et al., ASPDAC, 2004]
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كنيم؟ ي نهان استفاده نمي چرا فقط از حافظه
Why not just use a cache ? (2)Why not just use a cache ? (2)

2. Energy for parallel access of sets, in comparators, muxes.
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پذيري تاثير شركت
Influence of the associativityInfluence of the associativity

P t diff t f i lid [P Marwedel et al ASPDAC 2004]
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Embedded System Design

Flash Memory Based on EPROM/EEPROM-Memoryy y

EPROM storage cellEPROM storage cell

FG charged
FG not charged

Row (j)

Read amplifier
Ground

شناور ت دFGگ ش شارژ الا ولتاژ ك ا اند ت .مي تواند با يك ولتاژ بالا شارژ شودFGگيت شناور
.ترانزيستور شارژشده نارسانا مي شود، اگر سطر آن انتخاب شود

.UVدشارژ شدن با نور
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EEPROMS storage cellg

EEPROM= electrically erasable read only memory.EEPROM  electrically erasable read only memory.
EEPROM needs additional transistor per bit

Row (j)

FG charged
FG t h d

Row (j)

FG not charged
Ground

EEPROM براي هر بيت به يك ترانزيستور اضافي نياز دارد.
.هاي الكتريكي نياز داردكردن تنها به سيگتالنوشتن و پاك
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NOR- and NAND-Flash

NOR: Transistor between bit line and ground
ONOR:ترانزيستور بين خط بيت و زمين قرار مي گيرد.

NAND: Several transistor between bit line and ground
NAND:م قرار زمين و بيت خط بين ترانزيستور گيردچند NAND:گيردچند ترانزيستور بين خط بيت و زمين قرار مي.
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Properties Type/Property NOR NANDp
of NOR-

and NAND-
Random access Yes  No 
Erase block Slow  Fast 
Size of cell Larger  Small 

Flash 
memories

Size of cell Larger  Small 
Reliability Larger  Smaller 
Execute in place Yes  No 
Applications Code storage, boot 

flash, set top box
Data storage, USB 
sticks, memory cards
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Embedded System Hardwarey

actuator
s
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مبدل هاي آنالوگ به ديجيتال
Di it l t A l (D/A) C tDigital-to-Analog (D/A) Converters

مانند دارد، مختلف :انواع مختلفي دارد، مانند:انواع
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:ولتاژ خروجي
ا شده شداده ا ن xعدد نمايش داده شده با xعدد

Output voltage ≈
t d bno. represented by x

3 2 1 0

3
3

2 4 8

2

ref ref ref ref

ref i

V V V V
I x x x x

R R R R
V -

= ´ + ´ + ´ + ´
´ ´ ´

å

Due to Kirchhoff‘s laws:

3

0
2 .ref i

i
i
x

R =
= ´ ´å

' 0V R I+ ´ =Due to Kirchhoff‘s laws: 1 0.V R I+ ´ =

' .I I=

Due to Kirchhoff s laws:

Current into Op-Amp=0:

1 0.V R I+ ´ =
3

1 132 ( )iR RV V x V nat x-´ ´ ´ ´å

Hence:

Finally:
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توان سيگنال آنالوگ را از روي مقدار ديجيتال آن بازسازي كرد؟ آيا مي
Possible to reconstruct analog value from digitized value?Possible to reconstruct analog value from digitized value?

Let fs be the sampling frequencyLet fs be the sampling frequency
Input signals with frequency components > fs/2 cannot be 
distinguished from signals with frequency components < fs/2.

S SExample: Signal: 5.6 Hz; Sampling: 9 Hz

1.5

0.5

1

-0.5

0

-1 5

-1

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006 - 25 -

-1.5



Embedded System Design

شده برداري طيف فركانسي يك سيگنال نمونه
Frequency spectrum of sampled signalFrequency spectrum of sampled signal

Let X (): frequencyLet Xc(): frequency 
spectrum of the 
continuous signal, cut-
ff f Ω 2 foff frequency ΩN=2π fN

Let Ωs=2π fs: sampling 
frequencyfrequency

Let Xs: frequency 
spectrum of thespectrum of the 
sampled signal

Xs consists of multiple Cannot be distinguished in sampled signalXs consists of multiple 
copies of Xc, separated 
by Ωs

Formally: Xs = Xc folded with S,
with S: frequency spectrum of clock

Cannot be distinguished in sampled signal
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Aliasingg

If Ωs < 2 ×ΩN copies of s N cop es o
spectrum will overlap
(we don’t know the original 
frequencies any more)frequencies any more)

No problem for signal reconstruction if this is avoided.
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 Nyquist theorem

• Analog input to sample and hold can be precisely• Analog input to sample-and-hold can be precisely 
reconstructed from its output, provided that sampling 
proceeds at ≥ double of the highest frequency found in p g q y
the input voltage. [Nyquist 1928, Shannon, 1949]

S/H A/D-converter D/A-converter Inter-
polate

= ?
polate

Does not capture effect of value quantization:
Quantization noise prevents precise reconstruction.
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Embedded System Hardwarey

actuators

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006 - 29 -



Embedded System Design

ها ها و خروجي محركه
Actuators and outputActuators and output

Huge variety of actuators and output devices, 
i ibl t t ll f thimpossible to present all of them.
Microsystems motors as examples (© MCNC):

(© MCNC)
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(© MCNC)
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Actuators and output (2)

Courtesy and ©:
E Obermeier MAT
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E. Obermeier, MAT,
TU Berlin
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اي موتور پله
Stepper MotorStepper Motor

وقتي سيگنال :اي موتور پله“step” را دريافت مي كند، به اندازه ي زاويه ي پ و ييو
.ثابت مي چرخد

بر خلاف موتورDCكه تنها در زمان اعمال توان مي چرخد.
 چرخش با اعمال دنباله ي ولتاژ خاص به سيملوله هاcoils انجام مي شود.
كنترل كننده، اين كار را بسيار ساده مي كند.

http://www.cise.ufl.edu/~prabhat/Teaching/cis6930-f04/comp4.pdf
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خلاصه

We have covered:
 sensors (briefly)
 sample-and-hold and A/D converter circuitsp
 communication
 information processing hardwareinformation processing hardware

• ASICs (briefly)
• processorsprocessors
• FPGAs
• memorymemory

 D/A-converters
 actuators (briefly)
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 actuators (briefly)


