Wprowadzenie

¢ SOKy2f23AF o0STLINI S62R2¢61 . fdSG220K &ad2LIyA262 &
aldyArsSanoeOK LRUONOT SZ LINJI Sg2R268 0K 0OnNOT y21 OAN o
G§SOKy2t23AF 6&aLRYLF3IFa2nol Rf&d Qi2tele@K LINRILS B (I LA A

L2 Radzy26lyAS A a1NsO2yS 2LAae RIAIFIOFYAlI aeadsSvyd:
1G5 N8B 06STLRTNBRYA2 fdzo LRI NBRYyA2 R20G80I N LINRofS
groyl Rftl 1T NRIT dzYhhofgiiA Dokurhehtscfa Sefdte8cyjna @l8 Gezprzewodowe;
technologii Bluetooth jest.

1.1 Podstawy systemu Bluetooth

MPMPM ¢ O2

¢ SOKy2t23Al o0STLINI Sg2R246F . fdzSi220K 2Said G(GSOKyz2f¢
OSftdz TlIHalLkRl22Sy Sl HISOILINI Stg2dR@ & IOK(GI NI2 ONOT SZ YAt R
2ad20Aale@YAT ({GsNB an oFNRIT 2 LRLMzAZIINYS 6 RiAarsSa:
g LRO26AS f+0d dpneds 1ASRe LRéadls LINB2S1G 6 NIY
sposobu po®NOT Sy Al 1fF @Al GdzZNE R2 dz2NJI DRT Sy Al 1 2YLddziSH
21T 02 aAt LINJeRIGyS Rfl ¢6ASfdz AyyeOK NI SOT e A
onoOl SyAl dzNI DRT SZd 52RIy2 (NRBo adyORKNRYEMADYALt R
YI1a@YlFtyAS aASRYAdz dzNJd DRT SZ LR2RNItRyeOKo 1 o6& vy
DNUzLJ . £ dzSG220K {LISOAIf LyGSNBadG o6{LD0 Tz2adlol I

NEdYyeOK RIASRIAYyO® NOT NBI f&A DBIZ O AT B2yYA1S2 6 NIS R A{2L605
5ST LINJf 862R24D .t dSi220K®

1.1.2 Kompromisy

Ky2ft23Al . fdsSG22G6K 2Said (1ASNRg

.STLINI S62R24 | SOK
DUOsgye@YA LINROfSYIlI YA &ndsiane2 R20Yy A
i
1

u
2aANI YAOI SyAl OK®
o iSNea2ayASs 12al )\ 1ddeOAS SySNEAAS® 2 (12yas|
R212ylFyS YAtRI & GSY A 1 doeOdOASY SySNHAA LR 2
LINT 81 OFR yAS]isNB i 21N Td e yRIOE SBsvi @z 120 R 2yid O3 NIK
NRT fdA yA2ySs 0SS Y20ftA6S 2Sai 6RNROSYAS NI OI S22 il
1 SgytiNIyeOK 12YLRYSyilsgs oGl 1AOK 217 FALOGNBOO® i
T yyaASzaanNei ané vaxsamsyxév O1 dzv21 OA® % RNHAAS
NEJI2NRaGeOTyS oyLI® anaiaSRyAS 2RNI dzOFyAS 11yl Odz
TFYASNI 2ySYdz a&3aylo26Aid t2YI 3t G2 dziNd Rsyl 6 ON
dzZNHzOK2 YA 2y @ OK SRyzéiély)\Scp WSRyeéeyY 1 305 6ye 0K
YAST I g2Ry21 OA aeaidSydz ¢ KFEOFITtAgedY 20201 SyAadzd ¢
TFraAat3s o6tRN OTeyyAaAlASY 23INIyAORISZAO®YX SLIR2(G NMIAS Y
AYyyeOK TylyeOK adGlyRINRsg NIRA2680K ge12Nleade
LYd&yASNs 6 9fS{0ONB]1s6 A 9ftSTUNRYA]s6 O6L9990 ynH
LR2OT NG1dz T dzol 3t t Ry A SYNMISYY A INJ & Q& éqzmj;zn RIIOSDO AT a R X &
YAS YI LRGNI S6@& LRaAlFRIFYALF AYyFNI adGNH GdzZNE G2
12y O0SLI0O=2t AR G.SENIZS 122 0K 608 R260NI S LI &az2él OF R2

dzNd DRSS AD 1 2YdzyA1dzzn &airt 1S az2o6ned t2ylFRG2 18 41 :
LJ
i

N.J('w

8Ll s NHOKdz RfI NsOyeOK I LXAllIO2AT . fdSiz22dGK Y:

88y OKNRYAOT ySs AT 20KNRYAOI YS A dedmképwami yush®dl vy S @



a2y OKNRYAOTI yS3a2 O0RIyeOK0O A a@yOKNRYyAOlIyS3I2 63T
12YdzyAllOéeaysS an 12y¥A3dNRslyS yI dNRIFEYAS NI O S
AYFNI aGNHz] GdzNB S 211 6 A DIRRF GBK 11SDY sYN02S6 &] BKYUdzy M | 2F

Ayyey sti10SYys aaso 2Said 1681€tS yrieskyl aASOAD |

OT tT OA 1&ANOBIAZ LRONOITSYyAlL TR K20 yI NI dzOF2n &aLis
systemu.BezprS g2 R2 ¢ GSOKy2f 23Al . fdzSi220K 2Said ai Ol S+
do e OAl TR K200

MdmMdo {0G2a& LINRG21205¢ .fdSG220K

{G2a aeéaidsSvydz .ftdsSi22GK 2Sad ¢l NERdGg26Fye [T 3A2RYAS
FAT @OT yI 3z 1 ds NI CA9% (Y 2R SiyldZok Ridx SLINGISG 6+ NI FyS an 2
2ANI YAOT SyAl R20G801 nOS O1dzo21 OA 61 1 NBadzw A 2RN
NI RAz2ge 06allsolOieyyAirl aldzyseo A FAEGNER TFAYLX SYS

Bluatooth host

i

Synchronous Asynchronous
and isochronous and isochronous
unframed traffic framed traffic
———, e,
Data Control Data Control
re k J I
- ¥
L2CAP
L2CAP Channel ||« LICAP
resource
layar managar
manager e
HCI |
[ w
Davica . .| Lnk < LMP >
manager | “| manager
F Y
l- W k4 »
Upper Baseband resource
baseband managar
layer “
Lower ¥ |Link|:c:-ntrnller
basaband | Link controller |< >
layer Y |
Physical L | Radio
layer | RF |< | >




t2ge0S2 ol 8BIVElI TRIzOT FAt 1 NERGGI LI aYlE LRRalGl g2
T OA yAS otRIASYE AOK

R2fyS A 3IAsNySe 2 RIfalsSe Oft

R2 LIavYl LRRadlI¢g26S320 ¢2 yI (S22 4 NADSEKESsAED 1T
20f AOT F'YyAS adzvré 12yiNRfyS2x LINRPOSRAzZNI} NBGNI yaYA:
RSAT&@FNR Sl yASd Y2y(iNREtSNI OnROTF 6[/0 254G 2SRyza
LRRaGI 268320 _NOT I . fl dz¥BYSRO SAND TONNIT BRIGH yad PLININ:
onoiT Iz yS3azo0eadz2n Fdzy102S A T ININRIla2an LRONOT Syal
O[AY1l alyl3aSNI tNRrG202f0d 5dz0S FNIIYSyide RIyeoOK
mniejsze jednostkil F YAY o6t RN Y230e 12a8d0F8 LINI SaokyS T LR

2 RLJ2 ¢ A S Rdorhunikagj Bdicorej A LINR G 21350 | RFLIWGIFOéaye o6[H/!tO.
G NRGEAS Y20yl LRLINRPAAS 2 LISoyS 4 MINBII GNB2Ig]T DI RA
OonoOT e 2 gASftfdz LINJ LI R]FOK Fdzyi 02l . tdz2Si220K YI
Y20 20f A0T1 SyA26ns S yAS YI O t1I OA NXrRA2gS2d 2
YADAT S 4l NRiGGEd t 2RMAMKARIOKIzZBdzaNRGSS Feddyaldoa@  al Y
12Y0ONRESN . £fdzSG220Kd bl LINJ@{oOoFrR €FLWG2LIE 1G5 NE
LINP(G12120562 Y20S 28I RTAG Y2RdzO 20a0dz3dz2eanOé NI RA?Z2
gedoaiBarwoes (GsNB an TIFAYLXSYSyG2é6lyS 6 2SRy2ai
g NERGGF YA Y2Rdz0Odz T+ LRT NBRYAOGSSY AyiSNFS2adz 12y
1.1.4 Warstwa fizyczna

wltRA2 . fdzSi220K RTIAIFIOF ¢ ¢g2tfyey 2RLINAGYEGDRIRYR
g 21

Yyl dzZl26@8Y A YSReOlyey oL{av 2 Oitadz2iftAg OA HZIn
YdzZaA RIAStEAG (2 LIavyz Oitaidz2adtAag2l OA 1 6ASt2Y!
aeadsSye 12yvydzyaAll O2ir 0o Sioth)NHEE 802 Rib gp&ede ds2ysthid).Qmne . f dzS
aeaidsSye Y23In o0eo6 1T RSTAYyA2elyS ¢ LINJeal o2l OAo
Oftadz2iGtAs2] OA NIRA2g&80OK ¢ Gey TIF1NB&aAS 1Tyl 2Rdz
YAINRTIE28S2d [/ K2XO8 0206 ¥AT alaI®onid LINROYKOIF YAl Y I L
LASTEFNYALEFS OTtT6 1T yAOK 6@0AS 1l A LR2FéA art yl

6806 yIsSG mnnn NIia arfyrscale yiAd aedayros 1ds NI
interferencjib I &1 OT t 1T OAS AYOGSNFSNByoOa2l yAS geaitLdzeS O

LR2RNOF T OTtadz2GtA621 OAND TlFaAftryAl0 A yAS LN $
all LIavyl Oftadz2itAas2] OA ¥HNWLIWES yildzy) 82008 WRE 2
LINIF S6ART AS6x 21F1AS8S32 NBRiIl2dz TF1050SyAl Y23yl &

.t dzSi220GK ge 12Nl eaddzeS G(SOKy2ft23At NRBITLINY Al FyAl
2 al SNR {121 OA RDIANE M2 YadeyfAd| 1O A aeaiGSYy ge|2ydzeS

FOY2YASNYAS NRITO202y@O0K yI (e0OK {FylIoOFEOK T 32RYyA
RSy GNlyavYAiddzzS yI Toéey 1lyFtSs ylailt Lyt K2 Lk

s

0S 0tRITAS yI R206NBY (1FylFfSd hastyAS NISOT 06A2NNO
TFHLISgyAl t£SLIATS NBTLINI SaidnNd Sy)\l-y;\éz 02 LIRLINI gAl
geRI2y21 06 2Roé&sgl aAat 124d3¢ibs AN B a;e@aéizmaﬁ'ﬂyé
2840 dzol ORZNVLINE YRAONMATt RI &8 geRIF2y21 0AN | T 0202y21
OAYIFNYyS3I2 1tdzOT 26Fy Al T LINJ Saag st ORSEoQRT Hi 2 NI ¥ &
1Mb/s,alezes1 3f t Rdz yI Nks0yS NRBRIIF2S 2060ANn0SZ 1T 6ANI
doed126yAll YAS Y20S LINI S{NROI &8 THO YO K &aod t 2
YFE1aeYrfyl Y20 GNryaviaair 2Sad 23aNI yrOdiSAyre SR 2 A s
08 RF G2 1TFaAxt3a mnn Y yI fAYAA I NRldzd LAGYASESS
23INI yAOT 2yl R2 ™M Y2 6510 R.YO0O® wlkRAF (82 {tlae

3
LN Sy2T yeOKs + AOK T a&ak@ 68y2aA 21202 wmn Y yI f



blfSoe T ldzwldoesxr 0S aLlSOoeFall o2l 2YNBIfl LRITAZ2Y
00t Rdz 0AG20HS3D26 LINVES | wh Rl aAt yI ftAO0T o6& T 1NBass
0dzROSidz ONOT I & 22 1s0yAS3TIAVEARPBSES] . Yao0tlRBRDDS |
T lLdzgl ol tyAS TyasSialdlod2ySo -Bfkohumarg odiddisniayila LJ2 6 5

aLSOeTAIlI O2A NIRA26S2d WSRyYI 1 6 LINJ &@LJ R{dz NHzOK
YIERYALFNR @S OA (4d/Qw/S 21022yl ftyS 12Re& 1 2NB1O2A o060t |
GNF yayYArAdaacgAisz T FdoNRE NBGNI yaYAa-3@Edawet ozd), Bagddegd 22 0 S
G2LIW AL O ONOT S RIyeOK A GF1 0ZRTIRSAZREZAODID KB BN A
RF'yeaOKX aLIl RS{ LINJ SLdzaG262T OA Y208 yILeSi 12ail

20|éé7\707\s R20NB Rfl domeid126yAlsses £S (1108 Rt
Y20f A g2

< QX
/
¢

6802 Nbz 21 SD@AT GA o194 LA SO NIt 2y ey T 1N

—
O¢

1.1.5 Pasmo podstawowe

l RNB&a2¢l yAS A 1 2yFAIdNB Gl YAS LIONOT SZ

YFEFORS NIYRA2 . tdzSG220GK YI -hinhgddled AtlRegtenFzhadyNakaabirgsA S dz&
dzNd DRT Sy Al . fdzSi220 R RAGEHI 5RBO A RSYIGEFAR | O2A  dzNJ
L2 OoNOT SZd t NI SR &a12yFAIdNR Gl yASY LRONOT SyAl X . 54
L2 ONOT SyASe® 2 LINJeLJ R{idz LRONOT SZ L2 NIT LASNBa
AyAO2dz2 nORIOKA @R Bxdt AalAO0OK 2SRy2aiS1z | ylaidtLyAa
AOK dz2NJ DRT SyAl ® ¢Sy {NR]l 2Said Tylye 2F12 LNRBOSROC
T SONIYS AYyTF2N¥IFO2S Y20yl LRy2syASilgani 2 NINST a0 | yol aoi
LIN6 6AS LIR0ONOT SyAl T 2SRyeéey 1S Tylye@OK dzNJ DRI Szo
28ai ﬂeaUIy}\S GAFR2Y2T OA 1T T1TFLRGFYASYD ¢Sy 12Y
T RSTFAYAZ241yS2I NI 01323 OANIoH|PA Sra 0a RSB @dW RN S/ ARBGdz | |
AYyyeOK oTylyS NsogyASd 2112 61 NRgltySox OTtaidz

gAIFR2Y2T OA 1T TFLRIGIYASYd ¢ LINRPOSRdIzZNF 2S8Sad 21N
a1lydzenoSt 2RLBBABY NI &62AY .5¢! 55w A |liddzfyn
Y2Ydzy A1FG TFHLRGHEYALF 2S&0 Fy2yAY2g6é A YyAS Yl LRG
YAS YI L2t OAl X (id42 102080 11 LRIGFIYASET YR Of e
ST 21 1Al Oila A Y2083 IR
L2 T NBRYAOQUSSY G6Al R2Y?2 A AGNRBYyed ¢Sy (12YdzyAll i

LINI Sa1213596 2{1{NBIft2ySe A 2 Y2/yASS 22 1Ty GO T 20 ABNI6

n
I RNB&dz 6[!t 06 dzNJ rJRlé é O0St26S32d ! Nd nRT SyA s

I O
INRYIFIRT A 2RLI26ASRIT A LINJ
[§e)
I H
Y AL
NR y & CHTlF 6G2d hINBIf2yS L
Jn
5 0

AGFYyAS ally2slyAal &d
zegara macierzystego WRT Sy Al & | N RI SyAS LINJ €420l gO1'S YI 47
TFHLRGFYAST 6 (Sy alLkRa dzNd NRT SyAS LINJ e620dz2n0S

AU0NRYAO26YyS R21060 aleéolz2d WH] 2dz ¢ alljedysthi y2z OI
2dzd 601 ST yaSe ylLéganilve LR2ONOISyaAsS A OKON &at

L2 LINI SRyAS32 LRoOoNOTSyAl s 1TS83FNE dz2NJ DRI SZ yz3ove
oszacowania zegara macierzystego innej jednostki. Jedynym SkutkieS 32 2Sad G2z 0S Ol
LR ONOT SyAl Y208 61 NRayNo 1 LIg2Rdz 6&8yArlleaendsSe 1

aS16SyO2ir LINJ Sajl2i1s¢ aiNRyed t2 20NIeYlyidz 2R
a8y OKNRYATI 02l cClI Yrﬁethlétforiﬁcovtahyﬂ!éZl‘diBﬁCijaber jdsNdzdrden, &

dzNd DRT SyAS &alGNRyAO2s6lyS 2S5a dzNd DRT Sy ASY LRRNJ tF
6 ylaatLysSe &aSi0z2aied tNJ SR a12y¥)\3dz|\|£z|y;\sv 1ty
dzNd DRT Sy SlyXoree {€31Z¢ OT a A 1 2R R2aidtLldz R2 1yl O
VIRNI t RyS§32d 108 R2aGNRPAO a&8yOKNRBYAT Il O2t Cl 3z &f



YFaldSN® LyF2N¥IFO02sS GS an LINISqlriesly
2 dzNJ DRT Sy Al LR2RNItRyS3Iz2o tNjié gsailcé
IS Y23In LINJ Sondirse aiat 1T aS{sSydeaa

LRRNI t RySuv yI LRRaGlIé26nN0 &S 42ywda tLINGINTT S 49 INI AYSIHiWa

¢2LRf23AF A 12YViNRflF R2ai(t Lz R2 YSRAdzYy

{ASOA &an G(g2NIi2yS LINJ & dzeOAdz G2L12f23AA 3TFoAl 1T RE
dzOT SatGyArOi eo yAS gAat OS2 yAd 2aASY dzNJ NRIisterZ 2SRy ?
I LRiz2adGl0sS gtTve ylrieéegl aiat atl gSaod ¢l 1 oAt O
ylayyirSea =2SRyS3az2zx [fS 02 ylegedoSa aiASRYAdz yASs,
przedstawiona na rysunku 1.2 (a).

{a) (c)

23YALYlF AYT2RXISO28 Oy RioddY 2Ro0e& gl aAt LRLINI ST 4
dzNd DRT Sy Al YA® t SOye RdzZLJ S1a NBFItAT2glye 2Said 11
G2 S R2aitLI R2 1yl Odz 25ad LRRIASt2ye yI LINJ SR
Yiz2z YI R2aiGtL) R2 1FylodzZ RSO&RdzZS 2 yAY YAadNd
yIEaidt LyAS o0tRITAS YALFLD LN} g2 R2 gea0FyAl g ylai
LR ONOT SYyAl X dzNI DRT Sy Al LAO2ySi QBRNOI 2P BT RHWA
YA&GOGNI F A T S3IFNY YFOASNIeadS3azoe 50dz321 06 GS2 &84
2RI AYYySYdz O8lt26Ad 28yAll G2 1T FF1ddzZ 0S dzNJ DRI
NITZ ({F0RS3I2 LA CRyHRS| HFYRIOAS OMNAG O oN& o211 2adGl o6 6
O1 02y S]] atl @S Ydzax OAN3AES R2aG2a26861 6 RNBF24I v,
LINI ST 1FyFLOd a2dftAgl 2Skhie i slated-rhadter|V\2Kordskwehdji @& Y I & |
slaveto-af | @S YdzaA o6@&06 LINISTFTeglye LINJSI YI &idSN®
TFlFy3roz2elyS ¢ OF o8 NH2OKX AadyirisSasS Neleéeflz2x oS a
GO T OAg21 06 28ald yAS2LJieYltyl LR AT FtltoRSY (1Ryad S8
.t dzSi22GK 28Sad G2z S gsaleadiAsS dzaNI DRTSyAl Y23n
Y23N $80NIO6 Ayye LAO2ySiGd ¢l 1AS LRadGqtLRslryArAS 2
LRYASGlI 0 OFOIASY aBBNEILKODVEESo62980823A06F y& OK Nk

AYGSNFSNByOal FydzZ dz28 12NI @1 OA T6ANIlyS 1T Negyz2f
Y%l &k RYAOT 2 dzNI DRT SyAS . tdzSG22GK Y20S dzO1 Saidya Ol ¢
LR1IFTFYy2 yI NBadzy{dz mdu 600 haianalk airt G2 T LI

loe (2 dzol 3ttt RYASS Y20yl doeéd (NRosg yAaliasS3az
gOK2RT SyAl ¢ ail Ol S3svexr (NRoe (BtandeNe pkbefagaby 20  dz\
I NEOoAO O21 AyyS3a2 oyLWd {LI Sz o6& 2al Ol tRTAG SySi



28Ry2 diNI DRI SYAS Y208 o086 OT02y1ASY RésOK LAO2Y
pikonetami poprzez przekazywanie ruchhNI ST gsaLlsftyeée gt1 SO LadyArSe
LINPot Sye T dGey T g6AnTtySs ﬁl“[)\é 21 LINeofSye 1 ae
VyAS2080yS 6 LMAO2ySOASsS | fS Aadyrises Yzotis2lod
dNISWRAS Y20S o6é6 Get12 YAaGNI Sy ¢ 02 ylza2geoSea 28§
Rodzaje ruchu

LINI Sg2R246F GSOKy2ft23Al . ftdSG2210
I NAdzaT & NHzOKdzd 5FyS Y23In o6&4g NBN
G STF2NIboT ¢ T 6ANT1dz 1T Gey yas i
J51TYASZ A 2LIBTYyASZd %l 1 g0l |-a G0N yAFSNI LI A
Yy NHzOK y I 1 @micznyma Wt przypaiku yodekiddunkowej komunikacji w czasie

NI SOT egraidey 2LBTYyASYAS 6 20AS aiGNRye Ydz&AA 0@0d VY
LINk 6 YA RIy@OKed WSTEtA yAST 212106 otRIAS LIR&aGN
okrSTfl-yé 212 a8d8yOKNRYyAOTyeod ¢ceLRgseYA LINI&|oFRIY;
gARS2 aLIRI ARTAST LRYAtRI @ GeYA {FOGSI2NRIFIYAD al
groySy fS 2LB1TYASYAlI A 2Lk1vR8PEK® 61 A A SHzAK NF
AizéKNzyAOTye¢ .t dzSG220K Y208 20 ®®dzd &/a Sg RIS&A G YA
Ntk gy201 SayS LR0ONOT SyAS NHzOKdz a8y OKNRYAOI yS3az A
I dzNJ DRT SYyASY LRRNYARYFSD 6 MOIISSNEFSPLAKRBSR . f dzSi 2 2
L2 ONOT SyAS &adyOKNRYyAOIyS 1T LRONOT Syl oyAt BRI
dzNd DRT SyASY yIRNItRyeyYy | dzNJ DRI SyASY LRRNItRyeéy
zarezerwowanych w regularnyéhR& Gt LI OK Ol | &dzd LyyeyY t 234 o]} yeyvy

wwm

- <,
.%'.z R

(729

Z @

s
w @( Qx

N T ¢
W O Ocwy

TFTNBTSNB2g6tyS AyALTRIFIET 28ad LRoONOI SyAasS 2 NI &l S
onoT I t23A01TyS TIFLSsyAlL2nN dza0dzZa3A GNI yaYbre2i RI Yy
gASt 12T OA R2 TIFNBTSN¥26FyeOK 3IyALTR ¢ 1FyFrES FaA

GSNE2A ModHU 2Sald oFNRIAS2 Stlradedolye yad onol s
al @012T OA GNIYyaYAd2cA o0AlsboA2BREYAOCTNRI ASEROYAIST I
2R0861 06 aAiAt LERYAtRI & TINBITSNB26lyeYA LINISRIALD
IT2NASY(261yS yI LRONDOT SYAS 00N} yadaRrNT2 LORyFAAIOT YR
dzNd DRT SYyASY yIRNAt NBORISywRAHI YR IQIARNI t RY&@8YA 6 &R
T I NBTSNB26FyS YAS2a0Fod alaisSNI Y20S FRNBaz2glo R2
YAS TFNBTSN¥2g6FyeyY RfEl NHz2OKdz {/h k S{/hX ylIgSi
RTAI OF @OPRTI SyASY yIRNItRyeayvYo

{ GNXYz] GdzNF LI {ASis 9

tF1{ASG LI ayl LRRaidlg26S32 al0FRIF aAt 1T 12Rdz R23
1isNB LR2FgAl aAiat 2F12 LASNBaie 6 {lFIdReY LI 1ASOA
YIORe dRMOalySdzy A1l tyS3a2 (12Rdz R2aGt Lldz L2 OK2RI NOS3?
LJZLJNJ ST &aLIN)} 6RTSYyAS 12Rdz R2a(t LJdzZ 2ROAZ2ZNYA]l Y20
LINI 8LJ R1dz LINI SGgF NI IyAS L1 202 aRer201St 1Yok
ITtRITAS GNROKt SySNHAA® t2ylIRG2T LIRYyASHIl D
yes avdmHdeée 2y R2 &d8YyOKNBYAITIFO2A OIF adz dzNd
YySZ LRYASSGLId RNEE QbbyézvyasSdald WRE&GYy AL YA2Ye
RW\GK OTtadz2GtAs21 OAFOK {NBAT GFIOs6d 2 2V
aG2a26e6l 6 ag22S LINI SadzyAt OAS 183N 41
SYA&MI yI RNIJt RyeaY®d bl 305651 LI {1 ASidz 25a
g LA O2Yy Sidzd -browelipdly ozaa&rbnez logicangnd dddeSem & A t

>

nww /<

W > O™ O
oy —/ >

s

WO D CS oM~

< COcM = ax o
>N > N /T
& O W N> 7 ax
N O™ w

> g A«

— BN

01(7‘)393

< oy



1)

GNJF yaLR2NI2g68yY oO[¢y!55wod al atiSNI LINI @RT ASE I RN
konF A 3dzNJ O2A LIR2OoNOT SyAl = LRROTFa 3IRe | RNB&a 1 SN
NRET 302aT SyA2e0K® t211 Gey yIFr3056S1 LI 1ASdGdz LINI S
AGSNRGF YAl LINJI SLIOesgSY A aO0OKSY!I (dz WB pakdtuyjéstoh a8 2A & !
12R2¢6lye 1T aleol12iO0AN w I' Mko (2Rdz LR2é6iGs NI SyAl
doed126yAll an LINI Syz2ail2y$S LINI ST OFRdzyS1® 50dz3z1
ruchu-2 R 1T SNI ol 20RIgSyaRt 2 RISHBING YyENIK RIFye OKI 3IReé YA
2RoNRGYR2Y (1ASNHz/1dz0 R2 oo¢g olalGség O6LI dza n ol 20:¢
LINI SRadGlFgA2ye yI NBAaAdz/ {dz LI2yAdSaod

12 18 0-2744
—

[Access code][ Header || Payload |

Y Y '
— —— e ——
[Preamble sSync word | Trailer

a
L1

Flow SEON %

[CTADDR] Type ['],]'] HEC |

ARON

tF1ASG LI avYl LRRalGlFIg26S32 Y206Sblya2VHal @8 RR2SE2 d @
G2 yI a@dYSGNRBOTyS ail e o 21 A\OS\NHnyNI Ay aovSiia ayAl (RN §ie20KS B
L2g2R2¢6 0eoe LI {ASGe 2SRyS3a2 NRIT YAl NHzd 2281 NBGI
Ali26S8S32 1 2Rdz / w/ad atiz yitlRali225a 292 o/tAXS6 S| 2 Rdzaljo2 NB 1 02
f@0121706 w I' Mmko LRgiGsNI SyAl {1 2R fdzo aiNksO2ye oM
2/3)-3R& 46 NHzy 1A LRONOI SyAl an T0So 2 aLISORIHB|I O2A
g LINIsR 6C9/0d wdzOK {(eldz boSad SFF2NIlb odiyod _n
LI 1ASde 21yl 0T 2yS LINIJSIT 51 mMX 510 A 5IpX 3ARITAS 5
maksymalna liczba miejsc zajmowanych przez paczk& BodA S an LI {ASdié& 5amX 5a
2T yFEOTF TNBRYAND aidlglto Ril LI 1ASlss &1 2Nieaidx
Gélls s LI 1ASGssT YOyl ddeailo aieo12i6 RIFIyaOK dz
DM1)do723,2Kb/GR2 LINJ 2Rdz0 A pT13Zc YO k & O0R2 G(Ge0dzw Rt
RFEya@OK LINJ & dzeOAdz LI {1ASGseg '/ [ TSadlgraz2y2 ¢ G o

Q¢ O Qx



Asymmetric
Max. Rate
Payload Symmetric

Type (Information Bytes)  FEC CRC Max. Rate Forward Reverse
om1 0-17 23 Yes 1084 108.8 108.8
OH1 027 Mo Yes 1728 1728 1728
om3 0121 213 Yes 2581 38712 h4.4
OH3 0183 Mo Yes 3904 5356 B6.4
Ooms 0224 213 Yes 286.7 4778 363
OHE 0333 Mo Yes 43349 712312 h1E
AUX1 029 Mo Mo 185.6 1856 185.6
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podsumowano w tabeli 1.2.

Payload Symmetric
Type  (Information Bytes) FEC CRC Max. Rate
HV1 10 1/3 No 64
HVZ 20 2/3 No 64
HV3 30 Mo Mo 64
DV 10+(0-9) 2/ Yes  B4+576
EV3 1-30 Mo Yes 96
Evd 1-120 2/3 Yes 192
EVS 1-180 Mo Yes 288
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LMP procedures for clock offset
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name request, and detach
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LMP host connection req
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Connection

LMP accepted request

LMP au rand
LMPF sres
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LMP encryption mode req %Heques‘tfor

LMP accepted an encrypted link

Encryption key
size negotiation

LMP encryption key size regqg

LMP accepted

LMP start encryption reg

LMP accepted Start encryption

LMP setup complete Link establishment

completed

LMP setup complete
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Bluetooth host

Higher layer drivers

Physical bus driver

ﬁ ? Physical bus (USB, PC cart

Physical bus driver

)
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Bluetooth module
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HCI firmware
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Link manager
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Link controller
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H® t DEderialistratebii;

3. Kontroler hosta i polecenia pasma podstawowego;
4. Czytaj polecenia informacyjne;

5. Czytaj polecenia statusu;

6. Polecenia testowe.
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Generic access profile

Generic audio/video| | Serial port profile
distribution profile

Dial-up networking

il Generic object exchange profile
profile

Advanced audio
distribution profile File transfer
FAX profile profile

Audiofvideo remove
control profile

Object push profile

Headset profile

Hardcopy cable
replacement profile Synchronization
Hands-free profile profile
Common ISDN
access profile Basic imaging
profile
Human interface
device profile Basic printing
profile

Service discovery
application profile

PAN profile

Cordless telephony
profile

Intercom profile
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3.4 Zdarzenia pasma podstawowego
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3.4.3 Generowanie kicza kombinacji
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fdzo w/HX S LJNj“RIGyS an NsosyASd AyyS &1 @FNE of
61 9{0d 2NBal OAST GNI SOAN 062S5ai01S YyasSa oS8T LASO
we NI iTySe 20KNRye ol-ie RlyeOK 1fdz0T e ¢ 23s5fSd WS
f2326FyAlLS yLFIfSoe 41 AN LR dzgl At 0SS T I LISgyAl
onol I . tdSG220K®

odT dn Yt dzOT S aSYALISN¥Yweg8yliyS R2 dzbémdz Geayollaz
2 yAS1GsNBEOK &éidzZ O2F OK 2SRy2 dzNJd DRI SyAS . fdzSiz2
t NJ @1 0FRFEYA GF1AOK detdd 02a &an Lszof)\OIyS Lddzy 1 G @
YAt RIT @ Rg2YI fdzRT YA 0AT y SRRIzOdzbE &I1Sy(iS 206d tf A2 (Nl LR O

20KNRY& 12YdzyallO2aAad 2 T gAaNRTi1dz 1T Gy 2SRyz2aG1A
aT @FNUHz22NOSd {GFYyRINR . fdS0i22GK yAS GLINRSFRI I NP
AYYEYA Tyl a2 Y22IYOAR 2A ILKASN Slyda [1O2hn Kz2adl yIlfSdseé R
S SO0l 1 OAge& &alLlasod bAS YI L2 GNJ So& LINJ SOKz2ge@

LIN} 6 R2L12R20ySZ 0S yAS oO0tRND 2dz ddeglySed t2yl RG2

601f dzO®T SRV T Y20S 6@a0NLIAG NeBT @12 o0STLASOI Szad
Fdzi2 Yl GOl yAS TFLSéyANn R2adGt L) R2 2SRyz2adliA o6 LI
0ST LIASOI SzadGsl Rtl dzwedGl2eyArAll 28adGd Y2088621 50
LINI SOK2geglye ¢ olFlTAS RIFIyedOK (ftdzOoie onoitxz Ole y
OTraved hOTegAal OASSE 1FORF AYLX SYSyidlrOal Ydzair 1T L
LINI SOK2geslyS {1tdzO1 S OnOl I o

v

Algorytmy

2 (iS22 haivYs kadlyn ¢SgytiNIyS RIAFOFYALF | f 3:

lf32NBGYSE GS Yzayl LI2RT ASEADG Yyl ROASEBINEBR O % 2°¢
10s NEOK galeaidirs oel 2bidw szirdzekowy BARAR ZdruYiej stirbny 2 6 @ ™ |
mamy mechanizm szyfrowania Bluetootl>E 1 (i5 NB dzo &gl al & ¥ Mimvyd  NHzY A S



LR OT Ni126eyYy aidlyd %S 41 3t t RdE dylA YBS yaiaNT fay i &2 1 BiGe
G@0K RgesOK | ft3A2NEBGYsSoDAIbABRAGNEN AYSPERBY SRNRO Y
% Ol &yl yYé 2R LRSNRGdz R2 LRR&GI 626532 2LIAadz £ 32N

nodém 2805NJ Ff3I2NBGYdz {NELIWG23INF FAOT yS3az

4.1.1 Szyfrowanie blokowe

2 Ol tT OA LIASNBal S22 al e@¥TNEBR of 2Wafzer® jalto trandfanfaty® a G N
2RONI OLfyS 6 OStdz Il al&FNRBslyAl AyF2N¥YIO2A ¢ LIa
o T 20F0TetAlTyves 0SS {(tdz0126S TFNINDRITFTYAS ¢ aeais
wyprowadzania i generowania. Pipa (i dz LI G NI NO yI &L} as50 RSTFAYA2461 Y
GLINR G I Rl IEEBOBOXKI 92 2Rg1 2NRgF YAl 1T 6S2106 ylI geal
o NRT 2 LI2R206yS R2 aleéFfNbkg o0f212680Kd 2 (G&0OK O 8

ale¥fNIofz21206ed WSaild (2 GeLreS A RfFGIS3I2 aleFTNEB o
GLINR G RIT YAl Rfl AyyeoOK &deailiSYysod t2yASsgl o {f dz
YIEGdz2NF f yey 2Sai doeOAS al & BNR & K yoRKRastSMRY oySS3 213 L
Klucza 1206 A 12 6S323 LRYASGlId {1tdzO1 S Y23In o6eéd ylaidt Ly
5S21 OA26Sd® hLINB O (S32 gevyz23dz AYyiSNFS2adzz OKOS a
kryptograficznie dobrzé NB T dzYA ySo® 52ait LlyeOK 2Said ¢AStS ai a
geYl3dlIZd 52RIFG1268Y geY23aASY 2Said G2z 88 12
28ad 23aNIXyAOT 2yS LINIgFYA LI GSyd26eYA Iefobth 2 LIO
ge@oNIfA {1 CO9w bod !f3IA2NRGY 080 ¥ Y2YSYOAS geo
geatie 1 12y1daNBdz 30s56yAS 1S g1 3FAttRdz yI S&yA
NEFSNByO2A A LRy roShail20p SASNEEK | Q| sdd@ | /2P B2 1

NRET YAFN {fdzOT o WSRyIF{1 {!C9w b 80 RzadGtLye 1

0
yIl2ay26201 STyasSaal e OK GSOKVAI FylrftAl @ AT &@FNks 6 of 2
swojego poprzednika, SAFER, prey | O LINRP2S{10Fylisg . fdz2S0220KZ | 0
RITAaArsScaile yAS 1 3v2ai2y2 dFRyeOK dzOKeoASZ ¢ {! C9

w Bluetooth.
4.1.2 Szyfrowanie strumieniowe

Szyfrowanie strumieniowe jest idealne w system@cB Ydzy A {  Oé 2y @ OKXZ LRYASsLIl d
a20AS 1T (S1aidlYA 2FgyeYA 2 NkodoySe RUdMzA21T OAd az2dy
2yS a0KSYlilsg R2LISOYASYAlF® t2ylFRi2Y GN}XRedOea2yas
Yel tn 2 200/2Aya2]IABAC 0A YIL®E SYSy il O2aAad LadyAasSan Rgl 30:
aUNHzYASyA26S32Y o0ST LRI NBRYAS fdzo LT NBRYAS T+ Lk
T RSTFAYAZ26Lye A Y20S aAiAt T RINI @63 Ke§otyphdBojefir oyl G
yEtSde REYLF 12yaidNdzi 02l o 2 LINR2S{1OAS 2L NIey .y
dzl dzZLJSOYy Al ye& NB2S&0NI YA LI YAt OAST loé 1T OK2s6l06 &
dzi 62 NI 806 6 &adzYAS | dzi2y 2 YAOH i wa af ded1 aR2 208 2y Sy
aliNHzYASyraz2S32 28ad Oltaidz doeglye 2112 1fdOl R:
LR OT Ni126& NB2SaiNxssgd ! 68 o6& |GNIFJOeeyeys GSy N
bardzo przyjazny dla inipSYSy I O2A 2LINBINI Y246 yAl fdzo &LINJt
t NJ @1 0FRSY GF1AS2 12yaidNdz1 02a 2Said St STGNRyAOI ye
T (GsNE ge12NIeaddzeS aleFTNI of212¢6e Y! {!alLygn 2 o8
412201 2y2106 ldzi2zYlFids6 &idl ydz 681 LRT NBRYA2S LRGSYy
0202y 21 OA AYLIX SYSyidlO2Aad 2 LERNssYylyAdz R2 afl e
RSTAYA2610 g&YlIALyAl R2:G§201 N®&S 5480 NI &Y IRDKI @S &

- —



AU oASNRIAGT 0SS ylgSi 2STtA FdGlF1dz2nde YI R2ait L) R
Y20tA621 OA 2RI @allyAl 1tdOT X 1idsNB 128010 doede
teraz do systemu BluetobtSzyfr strumieniowy E2 LI NIié 2S8Sad yI 0681 LR2T NBI
ge1 2Nl eaideS ¢0Faye |fIA2NBGY . fdSG220K= 1035 NE

adzy26l YAl &adzYlFi2N> & .80 G2 &l @FNJ AaGNHzYASyAzgesz |
osieMRT ASaANGeOKd WS3I2 Y20yS A aovloS adNeBye an R26
Ol Fadz LIAalyAl ylaaiatyrasSaalsS FaGF1A yIF G832 (@ Lz
g 01 SNLIJz2nO&aYA LINJI Saildzl YAl YAl yo @ 123NFAYy ADERY N G
2INBIt2yS 212 ¢adGtLlyS T3IFRegryASOD t ASNB2GYy e LI
g OStdz TYyaSzaal Syal (12NBtl O2A doeslyeOK ¢ | GF7T1
4.1.2 opiszemy to i jego konsekwenger NRT A S2 &1 O1 S3502462d 51 ASUF D+
LINE gl RIT D R2 (2ylfddeirx 0SS (&Ll al @FNRBgIlI YAl adzye :
20 T 1 LISeyAr Get12 21202 Y Kk H O0Alsg odaly¢ho ST LIAS
strumieniowycha N R2a Gt LIy So WFH{ 1206l 0Téevye LBsiyrasSas yz2séal
aoloaled 5fGS3a32 OltadsS TYAlLye (tdzOTe ¢ .ftdzSiz22
YAST 0t RYS R2 dziNJeYFyAl TFaINZOSYRESABP2NSE®F O2A0 |

4.2 SAFER +

Szyfr blokowy SAFER + ma swoje korzenie w szyfrowaniu blokowym SAFER. Oryginalny szyfr SAFER
12800 LINISFYylLtAT2¢lyes | 2LINFOT {1 2NBlide 2NRIAY
0STLIASOT yey |t 32NEG YIRS | R 2@laNHzyH 8AaSiViEsNIOI § 2N O
2SRyl]1 aleFfTNBYORIZHOORNOBEY | WOKcRIye@OKs {(GsNE 285z
dzoe gt 6 ¢ GSOKy2t23AA . fdzSi220Kd {! CO9w b degl 2]
a10IRE2 200 T ONI-WEARRYXIYNB®RE GLASURA T Fadt L2l yALF A
L2 LINF 6N ¢ {! C9w b 2Sai 6LINRPgIRISYAS G1T g t SN¥Ndzi
L22SReyOi e0OK o0AlGs6 6 RIyeaOK ¢ S2d 0m 29 830Kapi 22 ded SadH
L)22 2SRyS2 NHzyRT AS® WSaid (2 6ea20S LI2ONRIlegbl 60T (
SAFER + ma dwa podsystemy: podsystem szyfrowania i podsystem kluczowania harmonogramu. Dzieli

Gt 12y FAIdzNI O2t RIOWAZA2VE 2R gFeYADIfARBBE yIY Yyl
kluczowe planowanie. Zobacz rysunek

| 0 1 128-bit key grouped in 16 octets ]5|
~'[Sum octets

* |bit by bit
— |mod 2

| Cyclically rotate each octet by 3 bits |

K Select octets l 'l' 'l‘ l
y 012,..15 |i l 15 lf |
| Cyclically rotate each octet by 3 bits |

£ Select octets l L L l
123,..,16 If ll 15 1f |
B, | Cyclically rotate each octet by 3 bits |

K Select octets l l l l
234, .., 160 |l0 f 15 f |

Bz

L R}
| Cyclically rotate each octet by 3 bits |

IR 1

K, Select octets
+ie
16,012, .., 14 |0 ! 15 16 l

Bu




%l RIFYASY 1tdz0126S32 LXIFy26lyAl 28Sad Rz2adl NOI Sy,
1fdzO0T 8Ys RflF (+FdRS2 NizyRe a1 8FNRBl gANNAORR RAOAR
ResOK 6S10G2Nxg6 L3 wmc 21i0SGséd YEdOl 26S LXIy256
harmonogramu SAFER. Ostatni klawisz rundff, K2 Sa i Ll22SRéyOi ey 6S102NBY
bR2RIF6tySh R2 s82l OAF 1 2atldyArsde NizyRE® %26t Ol

LT
~L Jr ‘L .L, Jr ¢ ir vl ~L Jr ! ~L ! J.- if Dnl?fu;{l',ir&;nﬂundq;ﬁ
P OEDPOBBEORRG]
HHEFEO OHH®ORME (3) «—K,.I0, .., 15]
LE1L L [E] [E] (O [E][E] L @
HEHODEHEEODEE® @ [+] «—*.0, ... 15]
| PHT | [ PHT || PHT || PHT | | PHT | [ PHT || PHT || PHT |
ENENEN RN o
| Permutation 81112152 16510914130743 | -
TR r
| PHT || PHT || PHT || PHT | | PHT || PHT || PHT | | PHT | =
P A A A A A A A 3
| Permutation 811 1215216510914130743 |
BTN
| PHT | [ PHT || PHT || PHT | | PHT | [ PHT || PHT || PHT |
| A A A A A A A A |
| Permutation 81112152 16510914130743 |
NN
| PHT || PHT || PHT || PHT | { PHT || PHT || PHT | | PHT |

L k. ¥ ¥

L A ¥y W rF ¥ ¥ Y ¥ ¥ ¥ 9 W
Je e b I — | | Only after last round

[+] Add octets modulo 256 PHT{x,}) > (2x+y mod 256, x+y mod 256)

(*) XOR octets bit wise

YFORe T gBKetiek NGB KNI, .., KompB8 0 X T Sse2PNid ABNI Yadzy At
odchylenie B= (b[0], b[1] , ....boomMp B8O X A T HZX oXd & &I mt | R2RIF G
definiowane przez

ARE [(4 (457177 med27) o EST")mGd .155} forj=0,1,...,15 (4.1)

h{1 NDB®A DINRIE I RT FyS R2 21 NPR3I0S3I2 YSOKIYAT Ydz {! C9w
RIyedOKd 52RFEYAS 2Roéél aiat 1T+ LkY20N bR EDARYE O
NE&AdzyS1® {!CO9w b doeéél ResOK (FoSts T6lyeadK 9 A



E,L: {0,1...,255} = {0, 1L...,

[t

i

Py}
o

E: x5 (45" mod 257"):11134:[ 256

L: x>y - tak e xZE[}’}

¢S Rgl 2Ro1 2NBgI YAl GLINRglIRI 2N YyAStAyA2621 060 we

zastosowana w algorytmie Bluetooth,AA; jest SAFER 1 Y2 R&@FA 1+ 02Ny 88 2NE-:
Ff32NRGYdz 2S40 NboyASdO R2RI 4l yISgARE dFEBOA laA b N
YAS2RGNI OFfyeyYy YILRslIYyASYD ¢ Y2ReFA{lIO2l T 2ail

Ff32NRBGYdz R2 AT @FNRBSI YAl A dzyAlYyAt OAl LINRoOof SYs g
4.2.1 Algorytm uwierzytelniania £

Przypominamyd S | f 3RN® GIYt D2 NRBGYSY dzeASNI 20St yAlLyAl . f dzS
dz6 ASNI e iSt yAlLYAl gAHRENVREZOAYy Safdid 62 H2VRBLIYCOW b
oznaczony przezA 2 { NBT t2yeé 21 1 2

A 0,13 x {0, 1} = {o, 1}
(k,x) = y = SAFER+ (key = &, input = x)

Teraz zdefiniujemy:Bv kilu krokach. Najpierw

E]:'{'D, l}’m * {ﬂ.l}uS X{{],[}.*S 3 {ﬂ:‘ l} 2 o {D. 1}%

(K, RAND,address) — (SRES, ACO)

¢dziit 2 {w9{ A !/ h230S8ganBPayeanWs8idz m6102NrgsS3I2 ¢
LASNB AT S 2RLRSGASRYA2 n 2108Ge A 2adGldyAS mun 2108

la

hash: {0,117 x {0, 11" x {0,1}"" x {6,12} > ({0.1}")

(K, J1,12,L)— A;(E’, E(I2,L)+,[A (K. 1)@, Il])

gdzie E2]) jest rozszerzeniem wektorktetycznego L 12 doektora 16oktetowego (128bitowego),
zdefiniowanego przez

E: {Ell.l}m'X{G,ll}e({ﬂ.l}ﬂ)m



(x]0,.... L =1}, L) = (X[imod L; i =0,...,15])

I FA&K Fdzy1 O2A 28aid Nb oA PO (dsNRIYY § WNIyJlzads3esTi2 NIBoGe
gey2aA ¢ 210804560 1 t3I2NBGY {'COw b oSiangirazi2azol
fS112 TY2ReFA126lye LINJI ST R2RIFEYAS 210Silisgs @S2l
nazywany jest algorytmem # ! gl oyeé Ol edGStyA|l TlLdzwloedv 201 &gAl
Al Yays 02 (tdzO] Y3z 1GsNE2RISA (2 QoM §RdzagA t &I YV ¢zO
aAt ¢ yladtLdznoe aLkRasoy

K[0]=(K[0] + 233)mod 256, K[1]=(K[1]& 229)

K[2] = (K[2]+ 233)mod 256, K[3]=(K[3]®193)
K[4]=(K[4]+ 179)mod 256, K[5]=(K[5]®167)
K[6]=(K[6] + 149)mod 256, K[7]=(K[7]® 131)
K[o]=(K[o]® 233), K[1]=(K[1]+ 229)mod 256
K[2]=(K[2]® 223), K[3]1=(K[3] + 193 )mod 256
Kl4] = (K[4]® 179), K[5] =(K][5] + 167 ) mod 256
K[6]=(K[6] ® 149), K[7]1=(Kk[7]+ 131)mod 256

weé ddzy S| LIZREMDIYRIGMz2S I NRP1AZ {GsNB (62NI N f3I2NRBGY
alLl2aso peal OAS Tdzy1 O02A YASal I 2noOSaiesrniin LRRIA &KX &

{wo{>X I LRT1T2aGFr0S mu 216GSlGs¢ Goe2NINn '/ h I 2FFasSi
K RAND Admﬁ?s
A 128 ¥ l
e A E(xpand)
L A7 128 ,I’
Offset P 16 octets XOR addition
M. I
| .
. 16 octets mod 256 addition
K W

ACOD SRES

4.2.2 Algorytm klucza jednostkizE
Algorytm g dzd @ 6@ R2 ge@LINR gl RT Sy Al | f dzOJ. ZobaézSyRufekZaji 1| A 1 0 «



RAND |,
128
EEI +}
Address 128
48
{a)

C2NXNItyAS 28aid 21NBIt2ye ek 12
E, 40,1  x{0,1}" = {0, 1}

(RAND, address) — A’ (RAND[0..14] U (RAND[15]@6),Q)

gdrie () = "—leu address [i mod 6]

t2yASgedal qdzééél- yyginaliego YSAFER(EIgogtNd B YA S Y20yl doeég
0ST LT NBRYA 212 2RgNROGYyS3I2 | f3I2NRGYdz al @FNRGI Y
ndudo t 201 NG1266 | f3I2NBGY {€dzOT 1+ 9

Algoryim bk dzd @ ié R2 LR OITNG126S5S32 6eLINRPSIRI BFRs O RE |

Nk O YA &A% ZopdcSr@anekdbR 9

PKEY__, |
Bx N
RAND__, [ £ |,
. 128 128
N s
4
(b}
bASOK b 2T yHEOl Il ROUdZA2 .48 SWtidz@1 INBRZ 2/ t8LIED 1 @2 NY | £ VA

Ey: ({ﬂl}‘ﬁ)wx{u,1}”%{1.1,...,16}—}{{],1}'1*
(PKEY', RAND,N’) = A’(X.Y)

X =0, PKEY'[imod N']

Y = RAND[0...14] U (RAND[15] @ N*)

IRTAS bQ I' YAyomcZc b bo 25480 ROdzA21 OAND tY9, Q ¢



jm’fr[n,..., N -1]
PKEY'= U BD_ ADDRI0,...,min(5,15—- N)]
| PREY[0,..., N 1] N =

1'""{? < ]. 6

4.2.4 Algorytm klucza szyfrowania E

Na konec algorytm generowania klucza szyfrowanigekt zdefiniowany jako

ARTAS KFIaK 2S85ai oT0dnSGaArs 2iims YAA ARIGAIYASY 2SRy ]
kodowaniaky A S 2Sai 06ST LI2T NERYHAD &g Rp 2 B AR BbidRhiSFAY | f
1dsNE 2Sai éLJNzél-ml-yé R2 Ff32NRGYdz aT@FNRol yAL
T dzogl 080 a®dS 09 NRT 2 LIR2R2oySe® wSaid G2 6&805 NI LINR2S
Rysunek.J2 y Apzadstawia schemat blokowy.E

K
ﬁ"_.
128 K
RAND ,
——» L —F—>
128 128
COF ’
9%

4A3{ AfyAl al e@fFfNHznoOe

bAS2FAO2I tYyAS NRIT Y gAdat ATEWES (12 281 KE WA | dzl2201 STNRD [(iySA
BaSad GF1 Té6lyn LFdzi2zy2YAOiyn ai12z0i2yn yYlraieayn

0t RTAS yI (ldReyYy Oe$azz 60y del A LBESER2ZNI KR8 Fg8BSY L
AONHzZYASYAL {1 tdzOT o Y dzOT Sy &l @FNuz2ndoeyvyszr {idGsNB 2
2INI yAQP I RIDNBROTYU £ dzOT + 23INF yAOT SyAlz adly LROIni
wari 217 OA 1T S3F NI-&GA ( A3 BB wi Ada MH§I2 9b YywBES gervisty] g2l
21 NBT £ 1fdzOT REYNDEI dedbizO KGN AfFA2 DIOS BF N & a 20y |

YASATFYyAl RFEYy@OK aiblydz LR OT NG 22d S22 &% Ki nomo Aglies By,
MHY OAlsg 2Said TI1FIOK2geslySs | ylLradtLyAS OFIR24LY
LINE OS&dz 3SYySNRslI YAl &deYoz2ftA &GNHzZASYAL 1€ dzO1 =
2RAT@FTNRSI YAV g& OKRRP NS 22 BNILING & OXK12aR200 @ 024 y I
BA LR GNFOAYE R2 2LAadz Sl Ll g AyAada2ltAllO2A Lk d

4.4 Algorytm szyfrowania &

z2156 Ol NEKRBSE Y B8R IGY S ¢
I SaLlzodz vndi nds3
e

wRT SZ 9n TodR2gslye 2S5a
. 2112
TO)\Z (o) dzi NHzZRY A 6 L2y 2

a12z012ySea Ylaleye

CI
aalr )/
geaidl NOT I 2nd0S2a yAStAyAZ2S



1t dz01 268 OK RIyeOK aidNUzZYARRY AT DY LINRPOABABGE 1 (1RB NB
2YLF Al yAdz Y2O0y@OK A a0l oédOK &iGNRYy ae&aiasSvydz 11681
ALINI t 0SYAl EoNROYySI2 pPCHBBDYA DRANND EENFI 2t yIdz2N O
ALINT t 0SYABERYNRUYB 6A

LESR: fi(r)=e" +e" 4+ +1" +1
LESR,: fo(e)=¢" +¢™ 46 447 +1
LESR,: fi(r)=¢" +2% +¢™ +¢% +1

LESR,: f,(e)=¢" +: +¢% +¢* +1

Yl dzgl 82 0S8 &adzyl aG2LlyA (80K Ol GSNBOK 6 hSd,2 YAl Y5«
ddPy I NB2SaldNz mXI LRgASRIYeTZ LINJeée T F020SyAdzz ©
GeNIO2YyLF LINI ST F2NXIfye aASNAIF Yz20ev

X(1)=Y x,
i=0

Zteorif AYyA268 0K NB2SaiNF g aLINI t g &F ol s NRPGyS32 6ASY

Rt yAS]TGisNRBOK gAStE2YAlLyYysg ImModG0 o601 S 6alLl 001 &yyAa
60D t2RTAFD 6ASE2YAlYydz LINI SLINRSFRI I ye aesad 11
FNBEGYSGeOS Y2RdzZ 2 Hod WSAG (2 206s5R aLINItdSyAl f A
ge12Nl eaitdz2end StSySyide 2LB7TyAl2andS R2 dziNJevYes
gel2yesgltyAl 2LISNI O2A Y2RdzZ 2 Hidk zWdngnRwdelorhianeti ol S NB O K
YI{laeYlrfySe ROdzA21 OAz 02 2byDRI [ E{ owS¥PiERBI1E § NB SR ¢
2, 3,4 [12]. To znaczy, mamy

)

period X,: P, =2% —1
period X :P, =27 —1
period X: P, = 2% 1

period X, : P, =2 ® 1



WE{ T206F0Teéeyvye LBsiyisSes oASt2YAlLye &an ¢ NjSC)TéQ’J
ROdARD 2 0Fay216 6AFGNF {1l Y208 o086 ge{2NIeadlyl ¢
Cztery sekwencje XI1X2 N 1 NX¥A2yS &aevyoz2tSy 11 LI2Y20N &d@dYo2
ddzY26l yAl YT {GsNE R2RIF2S Ol éNk & & Yiaugatnyni, do8al OA 2 6 S
wynikdoliczby®& ¢ T FfSdoy21 OA 2R ail ydz &td0l1lii2 NdormdnkeYy & X A
mamy

5, =x, tx, +x, +x, t¢ € {D. 1,...,.7"}

L2 yASBENDe ®YdzeS Geft12 6FNI2TOA ns MI HI od {@Yo02f
przez ustawienie

z,=s,mod2=x, ®x, Bx, Bx, ®(c, mod2)

f 4

Nowag | NIi@2ie®&ad dzZ ealAigélyl LINI ST LINJISLAalyAS yl2LAS

jako wektor binarny u-1(owymiarzed 0 X | Yy I A0t LWYAS dzadl 6ASYyAS
Coai 1 0 11
c.,=|  |=u,,® c @ c,
e, )T T o 1) T o)
6020t AOT I YAS Y2RdzZ 2 W 6S 6alLl 00T eyyAaAllrOKOXE + yI

\th'_, =2c, t+c,

521 0FRYI AyaLSpXdedo a3 didgensze So St AyaAzge yiasSalzzo
AYLz a326S2 o6LLwOX {dGsNB YASall TYASyyS aidl ydo v
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31 momentach zegarowych, LFSR3 po 33 momentach zegarowych, i LFSR4 po 39 momentach
zegarowych.
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