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Ka steks aizvieto registrus

* Veikt operaciju 2+3

e Rezultatu saglabat atmina ar adresi 100

Registru pieeja: Steka pieeja:
set rl, 2 push 2
add rl, 3 push 3
store rl, [100] add

store [100]



Kas labaks?

* Registriem: mazak instrukciju
e Stekam: isakas instrukcijas

 Kopsumma steka masinam programmas isakas



Kur izmanto virtualas masinas?

Host Hardware, CPU, Memory,
Network, Disk

1 reals dators = n virtuali datori



Kads BST labums no VM?



BST motivacija

 Motes ir ja(par)programme

* Gribas:
— Atri
— Drosi

1) Earthquake or eruption occurs
2) Nodes detect seismic event

3) Each node sends event report
to base station

— Plasas iespéjas

Base station

http://fiji.eecs.harvard.edu/Volcano

* Risinajums: samazinat koda izméru



Ka darbojas VM uz motes?

VM aplikacija

VM instrukcija

Virtuala masina

OS komanda

Operetajsistéma

CPU instrukcija
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Motes parprogrammeésana

< 1008B I VM aplikacija

B — Virtuala v v
y masina VM aplikacija

- Radio —
xKB — Operetajsistema

* VM aplikacija izméros stipri mazaka par OS un
VM kodu
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Mateé virtuala masina

UC Berkeley, 2002.g

Komunikacijas centréeta VM
sensoru tikliem

Maté teja
Mazas programmas I

Erta programmu “virusala”
izplatisana
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P. Levis and D. Culler, “Mate: A tiny virtual machine for sensor networks,” ACM SIGARCH Computer Architecture News, vol. 30, no. 5, pp. 85-95, 2002.



e P. Levis and D. Culler,

“Mate: A tiny virtual machine for sensor
networks”

e ACM SIGARCH Computer Architecture News,
vol. 30, no. 5, pp. 85-95, 2002.



Merki
BST programmeésanas sistémai jabut:

* Nelielai

* |zteiksmigai
* Kodoligai

* Drosai

e Efektivai

* Pielagojamai
e Vienkarsai




Sistemai jabut:

Nelielai (lai sistéma ietilptu motes atmina)
Izteiksmigai (lai var radit dazadas aplikacijas)
Kodoligai (ari aplikacijam jabut 1sam)

— |ai taupitu parprogrammeésanai vajadzigo energiju
Drosai (programmas nedrikst “nograut” moti)
Efektivai (jataupa energija)

Pielagojamai

Vienkarsai (aplikaciju izstradei)



Mate aplikacijas izmeri

Maté Code Footprint Maté Data Footprint
16384 1024
5 B VM (Maté
. 122884 B VM (Maté) 68 (Mate)
g = Network @ © Network
o 8192 - € 512 mL
H Logger o ogger
4096 - 1 Hardware 256 - 1Hardware
0 I Boot/Scheduler 0 - I Boot/Scheduler
Component Code (bytes) | Data (bytes)
VM (Maté ) 7286 603
Network 6410 206
Logger 844 18
Hardware 1232 8
Boot/Scheduler 272 14
Total 16044 849
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Mate instrukciju kopa

basic 00iiiiii instruction

s-class | Oliiixxx instruction, x = argument

x-class | 1ixxxxxx

instruction, x = argument

e basic: aritmeétika, LEDi, halt
e s-class: atmina

* x:-class: push const, branch if <=



Mate izpildes konteksti

Subroutines

r_____
e

gets/sets

—————J

Events

PHEE

Operand
Stack

Return
Stack
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Mate CounterToleds aplikacija

pushc 1
add
copy
pushc 7
and
putled
halt

# Push one onto operand stack
# Add the one to the stored counter
# Copy the new counter value

# Take bottom three bits of copy
# Set the LEDs to these three bits



Mate SenseAndSend

pushc 1 # Light is sensor 1

sense # Push light reading on stack
pushm # Push message buffer on stack
clear # Clear message buffer

add # Append reading to buffer
send # Send message using built-in

halt # ad-hoc routing system



Mate koda kapsulas

Katra kapsula viena
konteksta apstradei

Kapsulas

Max 24 instrukcijas
kapsula (24B)

gets/sets

Ja vajag vairak —

apaksSprogrammas PHEE
Katrai kapsulai 32bitu
versijas numurs

=)
=
N
Y A 1 010 |
YA Yl puss |

Operand

Stack
Return
Stack
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Mate steki

e Katram kontekstam 2 steki:

— Operandu steks (16B),
instrukciju parametri

— lzsaukumu steks (8B),
apakSprogrammam

* Clock konteksts steku
saglaba starp izsaukumiem

Subroutines

Events
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Mate apakSprogrammas

pushc 3 // izsauc apakSprogrammu #3
call

e Atgriesanas adresi ieliek izsaukumu steka



Mate statiskais mainigais

* Tikai viens globalais mainigais
e Kopigs visiem kontekstiem
* |nstrukcijas:

— sets: vertibu no steka ieraksta mainigaja
— gets: otradi



Konteksta kapsulas izpilde

* |estajas notikums
* Tiek palaista attieciga kapsula
e Katra instrukcija ka TinyOS uzdevums

e Konteksti var izpildities paraléli

* Apstajaspiehalt

e Kads notikums izsauc Send kontekstu?



pushc 1
sense

copy
gets

inv
add
pushc 32
add

blez 17
copy
inv
gets

add
pushc 32
add
blez 17

halt
copy
sets
pushm

clear
add
send
halt

H H H H H H# H H H R

**

H

H H

Mate SendOnSenseChange

Push one on the operand stack
Read sensor 1 (light)

Copy the sensor reading

Get previous sent reading

Invert previous reading
Current - previous sent value

If curr < (prev-32) jump to send
Copy the sensor reading

Invert the current

Get the previous reading

Previous - current

If (curr+32) > prev jump to send

PC 17 -- jump-to point from above
Set shared var to current reading
Push a message onto operand stack

Clear out the message payload
Add the reading to message payload
Send the message
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Mate koda izmeri

Binary Maté
Application Size(bytes) Install Time Capsules Instructions
sens_to_rfm 5394 ~T79s 1 6
gdi-comm 7130 ~104s 1 19
bless_test 7381 ~108s 7 108
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Mate veiktspéja

Operation Maté Clock Cycles Native Clock Cycles Cost
Simple: and 469 14 33.5:1
Downcall: rand 435 45 9.5:1
Quick Split: sense 1342 396 3.4:1
Long Split: sendr 6854+~20,000 ~20,000 1.03:1

* Veiktspéja cies

* Energijas patérinu tas maz ietekme
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Mate infektologija

Network Infection Rates

B 100%
:3’:: 80%
E  60%
2 40%
S 20% /
e 0% f 1

0 20 40 60 80 100 120 140 160 180 200 220 240

Time (seconds)

42 motes, 3 x 14 rezgis
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Mate kopsavilkums

Viena no pirmajam BST VM

“Talak no dzelziem”
— nevar izdarit neko sliktu
— nav asinhrona izpilde

Maza izméra aplikacijas kods (<100B)
Erta parprogrammeésana

Veiktspéja zema, bet energo efektivitate
no ta daudz necies



Valcgjumu (query) = [b8zEiE plieeja



Sensoru tikla uzdevums

Savakt informaciju:

* Jélo datu interpretacija
* Informacijas apstrade, agregacija

* Rezultatu nogadasana lidz apstrades vietai



Kapéc nesutit visu uz bazes staciju?




Tipiska vaicajumu pieejas arhitektura

Bazes stacija —izsuta
vaicajumus un sanem
® o rezultatus




Vaicajumu pieejas piemers: TinyDB

e SQL-tipa dalita datu baze sensoru tikliem

* Darbojas ka slanis virs TinyOS

* Visi sensoru mezgli ka dala no tabulas

e Katrs sensoru lasijums ka viens ieraksts

* Vaicajumus izsuta un atbildes savac bazes stacija

e Sikak raksta: S. Madden, M. Franklin, J. Hellerstein, and W. Hong,
“TinyDB: an acquisitional query processing system for sensor

networks,” ACM Transactions on Database Systems (TODS), vol. 30,
no. 1, pp. 122-173, 2005.



TinyDB piemeri

SELECT nodeid, light, temp
FROM sensors
SAMPLE PERIOD 1s FOR 10s

SELECT AVG(volume), room FROM sensors
WHERE floor =6
GROUP BY room
HAVING AVG(volume) > threshold
LIFETIME 180 days



Datu uzkrasana mezglos

CREATE
STORAGE POINT recentlight SIZE 8

AS (SELECT nodeid, light FROM sensors
SAMPLE PERIOD 10s)

SELECT COUNT(*)
FROM sensors AS s, recentLight AS rl

WHERE rl.nodeid = s.nodeid

AND s.light < rl.light
SAMPLE PERIOD 10s



TinyDB kopsavilkums

e Dalita datu baze sensoru tikliem
* Slanis virs TinyOS [1.x]

* Piedava vienkarsu saskarni,
efektivu agregaciju

Trakumi:

e Paplasinamiba

* |ebuveéta vaicajumu valoda ierobezo
— nevar veidot patvaligas programmas



SWiSSQMvirtuélé masina

e ETH Zurich, 2007.g

* |zteiksmigaka par TinyDB
 Kompaktaka par Mate

* QM = Query Machine
— Query [Engine] + [Virtual] Machine

39

R. Muller, G. Alonso, and D. Kossmann, “A virtual machine for sensor networks,” in Proceedings of the 2nd ACM SIGOPS/EuroSys European Conference on Computer Systems
2007, pp. 145-158, ACM, 2007.



 R. Muller, G. Alonso, and D. Kossmann,
“A virtual machine for sensor networks,”
in Proceedings of the 2nd ACM SIGOPS/EuroSys
European Conference on Computer Systems 2007, pp.
145-158, ACM, 2007.

 R. Muller, G. Alonso, and D. Kossmann, “SwissQM:
Next Generation Data Processing in Sensor Networks,”
in 3rd Biennial Conference on Innovative Data Systems
Research (CIDR) January 7-10, 2007, Asilomar, CA, USA.
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Merki / prasibas

Sensoru megli atdaliti no
[aréjiem] vaicajumu interfeisiem

Dinamiska, multi-user, multi-programmu
BST izstrades sistéma

Motes dara tikai to, kas nepieciesams
tieSo uzdevumu veiksanai

Paplasinamiba
— izstradataju definétas funkcijas, aplikacijas
— pasas SwissQM sistéemas paplasinamiba



SwissQM pieeja

 Gateway ka “gudrais
mezgls” [QE %
— vaicajumu parveidos$ana i queries¢ %
mezglu programmas X ;B
— vaicajumu merging gatew;iyre_“nk
— multi-query optimization ( oot

* Paaugstina efektivitati W;f§;§§$<

— motes izpilda tikai to, network

kas vajadzigs (sense, \
aggregate, transmit)

4t

sensor .
node

issQM

Sw

\@
S




Gateway

Daudz plasaka funkcionalitate ka pierasts
— multi-query optimization and merging
Var “klausit” dazadam vaicajumu valodam

— SQL, XQuery, web services (t.sk. vienlaikus)

Paplasinams
— var realizét dazadu papildus funkcionalitati

Genereé byte-code, ko izpildit meglu VM



SwissQM arhitektira
grouping aggregate expressions <Y>

expressions(partial aggregate state) Radio

Y N send .
line 1 send/receive

Synopsis Transmission Buffer
deployed load/store/merge load/store
programs

_ 0
- 32
— Bytecode 99
— Interpreter 12
Scheduler -125
executing T Operand Stack
program
Sensors

[ U U T

nodeid light temp noise tonevoltage
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Katrai SwissQM aplikacijai

Steks (operand stack, results): 16B
Sutijumu buferis (transmission buffer): 16B
Kopsavilkuma buferis (synopsis): 16B
Viens datu tips: 16bitu integer

VM byte-kods, sadalits 3 koda sekcijas:

— Init
— Delivery
— Reception



SwissQM atminas izvietojums

Stzilck A

v

.
P

QM bytecode

data structures — =
program 0 Transmission Buffer 3“:’ =
Stack p é
—k S| 2| &
QM bytecode 3| ° 2
data structures : oy N

program 1 Synopsis <

Transmission Buffer

Stack v
I
initialig:tc;data program descriptor list

2 SwissQM+ uninitialised data (.bss)
3 TinyOS

Code initialised data (.data) v v

toxt memory mapped registers

Program Memory Space Data Memory Space

(Flash Storage)



SwissQM aplikaciju sekcijas

* Init: sakuma uzstadijumi
* Delivery: Sense & Send cikls, obligats

* Reception: sanemto zinu apstrade (nokluséta
izturésanas — parsutit talak)



SwissQM instrukciju kopa

* 59 instrukcijas, 1-3 baitus garas:
— 37:Java VM analogi

» Steka operacijas (DUP, SWAP, ...)
* Artimetika (IADD, ...)
* Programmas vadiba (IF_ICMPLE, ...)

— 22: darbs ar sensoriem, datu parraidi un apstradi:
* Load / store data in transmission buffer, synopsis

* Sensing
* Transmission (SEND_TB, SEND_SY)
* Aggregation (MERGE)

 Modulara (var pielikt user-defined instrukcijas)



Sutijumu buferis

enakosa zinojuma iegusanai
zejosa zinojuma buvei

Pie katras sekcijas izpildes iztirits

Nosuta tikai aizpildito dalu

Adresé péc indeksa

istore <x>un iload <x> instrukcijas



XQuery piemers

Atgriezt NodelD motém, kam temp > 60 :

for Sn in xt:sample(Ssensors, 10s)//node
where Sn/temp gt 60
return Sn/nodeid

vaicajums XML “dokumentam” ar <node/>
elementiem, kas satur <nodeid> un <temp>.



.section delivery, "@10s"

get_temp # read temperature sensor
ipushb 60

if_icmple end # skip if temp<60
get_nodeid # read node’s 1D

istore 0 # store it at pos. 0

send_tb
end:

# send transmission buffer

.section reception

send_tb

# forward tuple from child

izmers: 10B, 1 zinojums
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Kopsavilkuma buferis

Stavokla nodosanai starp izsaukumiem
Agregacijai ar merge instrukciju
Adresé péc indeksa

1store sy <x> uniload sy <x>
instrukcijas



SwissQM agregacija

Aggregate | State | Initialiser Merger Finaliser
COUNT c c=1 c=c1+ c2 =c

MAX m m = expr m = max(my, mso) =m

MIN m m = expr m = min(mi, m2) =m

SUM S s = expr S = 81+ 82 =S

AVG (s,c) (expr, 1) (s1 + s2,c1 + ¢2) = 2
VARIANCE (s,t,c) | (expr,expr®, 1) | (s1+ s2,t1 +t2,c1+c2) | =L — z—z

* Agregacijas funkciju definé stavoklis un 3
funkcijas (ka TinyDB)

* Finaliser (evaluatoru) rekina Gateway




SwissQM merge instrukcija

* Operandi steka norada grupétaju un véertibu skaitu

* Datus (agregacijas stavokli) nem no
kopsavilkuma bufera
— piem., AVG stavoklis = <summa, skaits>

merge( n, m, aggop_1, ..., aggop_m) operandi:
— n = grupésanas izteiksmju skaits
— m = agregacijas izteiksmju skaits
— aggop_1..m = agregacijas operaciju ID



merge datu strukturas (piemers)

Synopsis
Transmission Buffer
groups index 0 1 2

group sum count

t Rr,_,_,/

group sum coun aggregate

—— expression

aggregate ~—

expression group
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Agregacijas piemérs (1)

SELECT parent, MAX(light)

FROM sensors
GROUP BY parent
SAMPLE PERIOD 10s

( TinyDB SQL sintakse )
MAX(light) vértiba starp

mezgliem kam ir tas pats
vecaks

Synopsis of node 2:

parent MAX(light)
5 401
2 398
0 405

pa

'V e —  ©
b

nt  MAX(light)
light= 398@

merge

v

5 401
2 411
0 405

line O
line 1
line 2
line 3

light= 401 1 ight=388

Transmission Buffer of node 2
with message from node 3:
parent MAX(light)

2

411

light=405 (2

/\

©,

light=411



Agregacijas piemeérs (2)

Atrast videjo temperaturas véertibu nodem, kam ir
lldz1gi gaismas sensora radijumi:

SELECT (light-512) / 10, AVG(temp)
FROM sensors GROUP BY (light-512) / 10
SAMPLE PERIOD 30s

vaicajums satur uz motém izpildamus aprékinus
— TinyDB ir loti minimalas iespéjas to veikt



.section delivery, "@30s" 27 bytes

get_light

ipushw
isub
ipushb
idiv
istore
get_temp
istore
iconst_1
istore
ipushb
iconst_1
iconst_1
merge
send_sy

512

10

N

.section reception

ipushb
iconst_1
iconst_1
merge

5

2 messages

# store group expression
# sum := temp

# count := 1

# agg: AVG =5

# number of agg expr: 1
# number of grp expr: 1

# agg: AVG =5
# number of agg expr: 1
# number of grp expr: 1
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Zinojumu marsrutizacija
* Tiek uzturets mezglu koks

* Kopigs duty cycle — bérni suta pirms vecaku
mezgla

Ko darit, ja synopsis dati izaug parak lieli?



Zinojumu marsrutizacija

* Tiek uzturets mezglu koks

* Kopigs duty cycle — bérni suta pirms vecaku
mezgla

Ko darit, ja synopsis dati izaug parak lieli?

* merge operacija partrauc agregaciju un
forwardé visus sanemtos synopsis talak

* paréjo agregaciju veiks gateway



Parprogrammeésana

* Gateway izsuta zinas ar aplikacijas galveni un
fragmentiem

* Tikla tas izpludina, parsutot

* Ja kads fragments iztrukst, parprasa vecaka
mezglam



Parprogrammeésanas zinojumi

ID
fragment O frZED:O program header | QM bytecode
ID
fragment >0 EZJQID QM bytecode
broadcast
message |S€anr broadcast payload
| I
dest, length | TinyOS Message Payload CRC

TinyOS Message
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Program header

Programmas metadati (10 baiti):
e [programmas ID, fragmenta ID]
* init, delivery, reception sekciju garumi
* sampling period
e programmas “karodzini” (flags):
— vai tiek lietots kopsavilkums (synopsis)
— synopsis dzésanas rezims (manual vs epoch)

* laiks, kad 1. reizi palaist delivery sekciju



Parprogrammeésanas atrums

Simulacija: 10x10 mezgli

network coverage %

100

80

60 i

40

20

Program Distribution Time (single-message program, tuple interval: 5s)

100% coverage after flooding
2% coverage after flooding

|

| |

30
time (seconds)

40 50

60



SwissQM un TinyDB izmeri

Query TinyDB SwissQM
msgs | bytes | msgs | bytes

SELECT nodeid,light,temp 3 168 1 20

FROM sensors

SELECT nodeid,light FROM 5 280 2 30

sensors WHERE temp<512

AND nodeid>50

SELECT MAX(light) 2 112 1 22

FROM sensors

SELECT parent,MAX(light) 3 168 1 29

FROM sensors

GROUP BY parent
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SwissQM kopsavilkums

Mazaks kods par Mate

Vienkarsak programmeéjams ka Mate
Plasakas iespéjas par TinyDB

— Dazada veida interfeisi (XQuery, SQL, ...)
— Multi-user, multi-programming

Adaptéjama / pielagojama sistéma



BST VM turpina dzivot

A Virtual Machine

for

Wireless Sensor Networks

Pedro Emanuel Rodrigues Gomes

[APORTO

FACULDADE DE CIENCIAS

F( l UNIVERSIDADE DO PORTO

Departamento de Ciéncia de Computadores
Faculdade de Ciéncias da Universidade do Porto
2009
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9. Eseja

Kadu labumu Jusu kursa projektam varétu sniegt
virtualas masinas izmantosana?

Termins: 12.12.2011. 10:00



Praktiskie darbi

* http://viesentis6.eventbrite.com/
— VIESENTIS projekta nosléguma seminars
— iespéja izpildit PD2
— termins (PD iesniegSanai) — 19.12.2012

* Par energijas ieguvi no vides
— PD5 praktiskais darbs (neobligats)
— 15 min uzstasanas —19.12.2012
— var nopelnit papildus punktus



