
DATA2VALUE

Ne u ro n a le  Ne t ze
u n d  d ie  Kü n s t lic h e  In t e llig e n z

Ge ra ld  Nicke l



Ag e n d a

Kü n s t lic h e  In t e llig e n z
• Be g riffsd e fin it ion e n

„Yo u r n e t w o rk  is  t a lk in g  – LISTEN!“
• W oh e r kom m e n  d ie  Da te n  zu r Ne tzop t im ie ru n g
• P NM – P roa c t ive  Ne tw ork Ma in t e n a n ce

Te c h n e t ix Ne u ro n -X 
• Ve rst ä rke r An p a ssu n g  u n d  Fe rn st e u e ru n g
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Be g riffe  
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• Tra d it io n e lle s  Co m p u t in g
Sys t e m e  m it  re g e lb a s ie re n d e  P ro g ra m m ie ru n g

• Art ific ia l Co m p u t in g
Sys t e m e  d ie  m e n s c h lic h e  In t e llig e n z n a c h a h m e n  

• W e a k  AI a u c h  Ge n e ra t ive  AI: 

Ka n n  vie le  Au fg a b e n  e rle d ig e n , a b e r n och  n ich t  se lb st stä n d ig  le rn e n

Te xt  b a sie re n d :   SIRI, ALEXA, De e p se e k, Ch a tGP T

Bild e rke n n u n g :   Goog le Le n s (Foto), Am a zon Le n s

Au ton om e s Fa h re n :   Te sla  Au top ilo t , W AYMO

• St ro n g  AI: 

Ka n n  sich  w ie  e in  m e n sch lich e s Ge h irn  w e ite re n tw icke ln  

Be ka n n t  a u s Film e n : TERMINATOR, W ALL-E, Ag e n t -Sm ith  „Ma t rix“



Tra d it io n a l AI vs . Ge n e ra t ive  AI (Te il vo n  Ge n  AI)

Tra d it io n a l Ma c h in e  Le a rn in g  (s t a t is t ic a l):

• fo lg t  vorb e st im m te n  Re g e ln  u n d  Mu ste rn  (Com p u te r Sch a ch )

• Es g ib t  ke in e  se lb st st ä n d ig e  Op t im ie ru n g

De e p  Le a rn in g  Mo d e ls :

• Ne u ron a le  Ne tze  sin d  re ch e n in te n siv u n d  b e n ö t ig e n  sp e zie lle  Ha rd w a re  (GP U) od e r 

     Te n sor-P U(TP U). Da d u rch  kön n e n  Mu ste r b e sse r e rka n n t  u n d  Be zie h u n g  e rste llt  w e rd e n .

• Ist  im  P rin zip  e in e  h och sp e zia lisie rte  W e a k-AI

• Ge n e ra t ive  AI ka n n  se lb st stä n d ig  In h a lte  u n d  „Ku n stw e rke “ e rste lle n : Bild e r, Mu sik, 

Sp ra ch ü b e rse tzu n g e n  – a b e r d ie se  n ich t  in t e rp re t ie re n , 
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Be is p ie le  g e n e ra t ive  AI 
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Qu e lle  „X“ (vo rm a ls Tw it t e r)

Qu e lle  „Sta b le  Diffu sion “



Ih r Ne t zw e rk  „q u a s s e lt “

W e lc h e  An w e n d u n g e n  p ro fit ie re n  vo n  AI

• Ne tzw e rk Op t im ie ru n g e n  

• Fe h le r Ein g re n zu n g e n

• Sch u tz d e r b e st e h e n d e n  In fra st ru ktu r

W ie  h ilft  u n s  AI?

• Ve ra rb e itu n g  m a ssive r Da te n  (Ka b e lm od e m  u n d  CMTS Sta t ist ike n )

• Be re ch n u n g e n  von  Tre n d s

• Ne tzop t im ie ru n g  fü r d e n  id e a le n  Arb e it sp u n kt  d e r Mod e m s
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Ne t zw e rk  Ma n a g e m e n t  To o ls  
P NM P ro a c t ive  Ne t w o rk  Ma in t e n a n c e  (e s t . 20 10 )

• (Mic ro -) Re fle k t io n

• Ko n s t e lla t io n s  Dia g ra m m

• Fe h le rk o rre k t u r (FEC)

• Em p fa n g s  MER (RxMER)

• Sp e k t ru m  An a lys e  
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Ca b le La b s : P NM Be s t  P ra c t ic e s  Gu id e
CM-GL-P NM-HFC-V0 1-24 1220



Ne t zw e rk  Ma n a g e m e n t  To o ls  
Fe h la n p a s s u n g

• (Mic ro -) Re fle k t io n

• Ec h o s

• St e h e n d e  W e lle n  (a m p lit u d e  rip p le )
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Ne t zw e rk  Ma n a g e m e n t  To o ls  

Dig it a l Ta p  (Eq u a lize r) im  Up s t re a m

• Ve rzö g e ru n g  a b h ä n g ig  vo n  d e r Sym b o lra t e

• Ta p  1-7  s in d  Gru p p e n la u fze it  

• Ta p  8  is t  d e r Ma in  Ta p

• Ta p  9 -24  s in d  Mic ro re fle c t io n  vo n  e in e r Im p e d a n z-Fe h la n p a s s u n g

• 6 ,4 MHz Up St re a m -Ch a n n e l = c a . 13m /Ta p
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Vie le  Da t e n  & vie l Ma t h e m a t ik
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Eu ro DOCSIS 3.0  Up s t re a m  6 ,4 MHz

5,12Msym /s = 195,3n s/sym b ol

Ta p  Ab sta n d  = 195,3n s/2 = 9 7 ,7n s  

Ba u m a rkt -SAT-Ka b e l = 8 8% Ve locity o f P rop a g a t ion

Sig n a la u sb re itu n g  im  Ka b e l = 30 0 m /µs * 0 ,88  = 0 ,26 4 m /n s

Be isp ie l:

3 Ta p  Fe h le r

Dis t a n z = (Sig n a lg e sc h w . * Ta p -Ab s t a n d  * An za h l d e r Ta p s ) /  2

    0 ,26 4  * 9 7 ,7  * 3 /  2 = 38 ,7m  

3 3 3 3 3



Ne t zw e rk  Fe h le r a n  Ha n d  d e s  DS-Sp e k t ru m s 
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Qu e lle  SCTE: P NM Me t h o d s a n d  P ra c t ice s in  HFC Ne t w o rks

Ca b le La b s: P NM Be st  P ra ct ice s Gu id e
CM-GL-P NM-HFC-V0 1-24 1220



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (1) 
Na c h b a rk a n a l P e g e lu n t e rs c h ie d e

• BC u n d  NC Com b in in g  oka y?

• DVB-C Mod u la tore n  „d rift “ b e a ch te n

P ro b le m :

• Sch le ch te  MER im  Na ch b a rka n a l

• De kod e r-P rob le m e  b e i zu  h oh e n  P e g e lu n te rsch ie d  
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Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks

Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (2) 
Su c k o u t

• Lose  In n e n le it e rsch ra u b e n ?

• Zu  la n g e r In n e n le it e r d e r Arm a tu r?

• Lose  De cke l von  Ve rstä rke r od e r Ab zw e ig e r?

• Ba m b u s Ka b e l (550  & 1.10 0 MHz)?

P ro b le m u rsa c h e :

• Im p e d a n z-An p a ssu n g s-P rob le m
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Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (3) 
In g re s s

• Sin d  d ie  b e ka n n te n  Fre q u e n ze n  e rsich t lich ?

• Kon sta n te s od e r sp ora d isch e s Au ft re t e n ?

P ro b le m :

• Sch le ch te  MER im  Dow n st re a m
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Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks

Qu e lle  RTR: Fre q u e n z Sp e kt ru m



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (4 ) 
Lo s e r In n e n le it e r

• Ha t  d e r In n e n le ite r ke in e n  Kon ta kt?

• Ist  e r d u rch  Kä lte  a u s d e r Arm a tu r „a u sg e zog e n  

w ord e n “?

P ro b le m :

• Nu r m e h r ka p a zit ive  Kop p lu n g  

• Rolloff b e i n ie d rig e n  Fre q u e n ze n
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Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (5) 
W a s s e r im  Ka b e l

• Ist  d e r Ma n te l b e sch ä d ig t?

• Sin d  d ie  Arm a tu re n  w a sse rd ich t?

P ro b le m :

• Hoh e  Dä m p fu n g  b e i h oh e n  Fre q u e n ze n

• Un re g e lm ä ssig e  W e llig ke it

• Rü ckw e g  m a n ch m a l m it  g u te n  W e rte n

0 2.0 4 .20 2516

Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks



Ne t zw e rk  Fe h le r d ie  zu  b e h e b e n  s in d  (6 ) 
Zu  vie l Sc h rä g la g e

• P osit iv: zu  kn a p p  a m  Ve rstä rke r

• Ne g a t iv: zu  w e it  w e g  vom  Ve rstä rke r

P ro b le m :

• En d g e rä te  fu n kt ion ie re n  n ich t  korre kt

• Su m m e n  HF-La st  w ird  zu  g ross
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Qu e lle  SCTE: P NM Me th od s a n d  P ra c t ice s in  HFC Ne tw orks



Ne t zw e rk  Ma n a g e m e n t  To o ls  
W ie  k a n n  a u f d ie s e  Fe h le r e in g e g a n g e n  w e rd e n ?

• Tra n sp on d e r in  Ve rstä rke r

• DOCSIS 3.0  Tra n sp o n d e r

• Hoh e r St rom ve rb ra u ch  

• Hoh e  Koste n

• Ne u ro n X Tra n sp o n d e r

• Ge rin g e r St rom ve rb ra u ch : <1W

• Rob u ste  DS/US Kom m u n ika t ion

• Lo Ra  W AN via  FSK

• SCTE con form
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Exist in g  
OSS Too ls

An y CMTS

An y CM

Exist in g  
P NM 

P la t fo rm s



Ko m m u n ik a t io n s  - P fa d e
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r

Sc h rit t  fü r Sc h rit t  An p a s s u n g

• Op t im ie ru n g  d e r P e g e l u n d  Sch rä g la g e n  d e r 

Ve rstä rke r

• Zie l -> Alle  Mod e m  0 d Bm V

• Zie l -> Low -P ow e r Mod e  fü r d ie  m e iste n  

Ve rstä rke r 
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  1

0 2.0 4 .20 2523



Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  2
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  3
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  4
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  5
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St e p  6
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – Zie l
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Au t o m a t is c h e  P e g e la n p a s s u n g  d e r Ve rs t ä rk e r – St a rt p u n k t
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Au t o m a t is c h e  P e g e la n p a s su n g  – Zu s c h a lt u n g  OFDM Ka n ä le

• Op t im ie ru n g  d e r P e g e l u n d  Sch rä g la g e n  d e r 

Ve rstä rke r

• Da s kön n e n  a u ch  15d B Tilt  od e r m e h r se in

• Zie l -> Alle  Mod e m  +/-10 d Bm V

• Zie l -> Su m m e  HF-La st  d e r Ve rstä rke r zu  re d u zie re n
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En e rg ie  Ein s p a ru n g
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Fe rn sp e ise -
Ne tzt e il

30 m  RG11 90 m  P 3/50 0 350 m  P 3/50 0 350 m  P 3/750
LV1 LV2 LV3 LV4

En e rg ie ve rb ra u c h
vo r & n a c h

Op t im ie ru n g
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