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 Abstract 
 
D ri v e n  by  co m p e ti ti o n  an d  co n su m e r 
d e m an d s,  l i n e ar v i d e o  d e l i v e ry  i s f o l l o w i n g  a 
traj e cto ry  f ro m  bro ad cast to  m u l ti cast an d  
u l ti m ate l y  to  u n i cast.  T rad i ti o n al l y ,  v i d e o  
d e l i v e ry  h as be e n  bro ad cast o n l y .  T o d ay ,  
cabl e  o p e rato rs are  d e p l o y i n g  sw i tch e d  
d i g i tal  v i d e o  ( S D V ) ,  w h i ch  u se s m u l ti cast 
te ch n o l o g y  to  i m p ro v e  th e  ban d w i d th  
e f f i ci e n cy  o f  H F C  n e tw o rk s.  T h e  n e x t l o g i cal  
p ro g re ssi o n  to  u n i cast d e l i v e ry  i s o n  th e  
h o ri z o n  an d  i s p o si ti o n e d  to  be co m e  
to m o rro w ’ s v i d e o  d e l i v e ry  m e ch an i sm .  
 
Un i cast d e l i v e ry  o f  l i n e ar co n te n t i s an  
i n cre m e n tal  e x te n si o n  o f  th e  m u l ti casti n g  
ap p ro ach  u se d  i n  S D V  i m p l e m e n tati o n s.  T h e  
i n cre m e n tal  i n v e stm e n t i n  ban d w i d th  
re so u rce s to  su p p o rt u n i cast d e l i v e ry  can  be  
o f f se t by  th e  co n tri bu ti o n  o f  p re f e re n ti al l y  
v al u e d  ad v e rti si n g  o p p o rtu n i ti e s,  re d u ce d  
su bscri be r ch u rn ,  an d  th e  abi l i ty  to  attract 
n e w  su bscri be rs th ro u g h  d i f f e re n ti ate d  se rv i ce  
o f f e ri n g s.   
 
T h i s p ap e r an al y z e s th e  u n i cast v al u e  
p ro p o si ti o n ,  i n cl u d i n g  co st,  re v e n u e  p o te n ti al  
an d  re tu rn  o n  i n v e stm e n t.  S D V  f i e l d  tri al  
v i e w e rsh i p  stati sti cs w i l l  be  re v i e w e d ,  an d  
u se d  to  sh e d  l i g h t o n  th e  co st se n si ti v i ti e s 
re l ate d  to  ch an n e l  p o p u l ari ty  an d  H D  
p e n e trati o n .   B e st case  an d  w o rst case  
sce n ari o s f o r H F C  ban d w i d th  co n su m p ti o n  
w i l l  be  e x p l o re d  an d  an al y z e d ,  al o n g  w i th  th e  
co st stru ctu re s asso ci ate d  w i th  e ach  o f  th e m .  
C o st m i ti g ati o n  an d  re v e n u e  i m p ro v e m e n t 
strate g i e s w i l l  be  e x p l o re d ,  d e m o n strati n g  

h o w  cabl e  o p e rato rs can  o p ti m al l y  co m bi n e  
u n i cast an d  m u l ti cast ap p ro ach e s i n  o rd e r to  
m ax i m i z e  o v e ral l  re tu rn  o n  i n v e stm e n t.  
 
B ase d  o n  th e  re su l ts o f  th i s an al y si s,  a 
sw i tch e d  arch #i te ctu re  w i l l  be  p re se n te d  f o r 
cabl e  o p e rato rs to  sm o o th l y  m i g rate  th e i r 
n e tw o rk s to  su p p o rt u n i cast d e l i v e ry  
m e ch an i sm s f o r l i n e ar v i d e o  se rv i ce s.  T h e  
p ro p o se d  arch i te ctu re  acco m p l i sh e s th e  
strate g i e s f o r co st-e f f e cti v e  u n i cast d e l i v e ry  
an d  su p p o rts:  

• A f l e x i bl e  co m bi n ati o n  o f  m u l ti cast 
an d  u n i cast d e l i v e ry  m e ch an i sm s 

• T rad i ti o n al  ad  i n se rti o n  base d  o n  
g e o g rap h i c ad  z o n e s o r a n e w  
g e n e rati o n  o f  targ e te d  ad  i n se rti o n  
base d  o n  d e m o g rap h i c p ro f i l e s 

• F ast ch an n e l  ch an g e  an d  
p e rso n al i z ati o n  o f  u n i cast co n te n t 

 
 

I N TRO D U C TI O N  
 
     Sw itch ed D ig ital  Video ( SD V)  is now  a 
mainstream tech nol og y  th at is del ivering  on 
its p romise to dramatical l y  imp rove up on th e 
bandw idth  ef f iciency  of  th e traditional  l inear 
broadcast model .  Ag g ressive SD V 
oversubscrip tion ratios ( th e ratio betw een th e 
number of  SD V p rog rams of f ered and th e 
number of  stream resources p rovisioned)  h ave 
been observed and w il l  continue to increase as 
more nich e and H D  content is added to cabl e 
M SO  service tiers.  Sw itch ing  tech nol og y  h as 
p roven to be a p ow erf ul  addition th e cabl e 
op erator’ s bandw idth  manag ement cap abil ity . 
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     Y et th ere remains unl ock ed p otential  
w ith in th e SD V inf rastructure.  C urrent 
g eneration sy stems sup p ort op en standards, 
al l ow ing  th e insertion of  new  tech nol og ies 
and ap p l ications.  Th e session and resource 
manag ers ( SRM s)  th at resp ond to subscriber 
ch annel -ch ang e req uests p rovide a l evel  of  
intel l ig ence and netw ork  aw areness th at w as 
p reviousl y  unavail abl e.  SD V sy stems 
maintain a real -time accounting  of  p rog rams 
being  view ed as w el l  as th e number of  
subscribers view ing  th ose p rog rams.  Th is 
aw areness of  p rog ram usag e comes 
concomitant w ith  k now l edg e of  bandw idth  
al l ocation.  Th is k now l edg e is p ow erf ul , f or 
even w ith  ex isting  sw itch ed mul ticast, th ere 
remains sig nif icant room f or imp rovement in 
bandw idth  util iz ation.  Furth ermore, S w i tch e d  
Un i cast, an advanced f orm of  SD V, is 
draw ing  increasing  interest.  Th is emerg ing  
SD V arch itecture of f ers ex citing  op p ortunities 
to introduce new  revenue-g enerating  services, 
but it al so h as th e p otential  to overw h el m 
avail abl e access bandw idth .  O nl y  w ith  th e 
k now l edg e of  user demand p rovided by  
advanced SRM s is th is l atest arch itectural  
ch al l eng e tractabl e. 
 
I t is f irst h el p f ul  to cl arif y  th e req uisite 
terminol og y .  S w i tch e d  m u l ti cast ref ers to a 
video del ivery  arch itecture w h ere an M P E G  
p rog ram, ty p ical l y  in th e f orm of  a sing l e 
p rog ram transp ort stream ( SP TS) , is I P -
encap sul ated and transp orted on a distribution 
netw ork  via I P  mul ticast.  A sy stem session 
and resource manag er ( SRM ) , acting  up on 
ch annel  ch ang e req uests f rom subscribers, 
may  th en instruct an I P -attach ed edg e Q AM  
to j oin th e mul ticast.  Th e edg e Q AM  rebuil ds 
a mul ti-p rog ram transp ort stream ( M P TS) , 
containing  content req uested by  mul tip l e 
view ers, and modul ates th e content onto th e 
H FC  netw ork .  Th e k ey  dif f erentiator of  th is 
ap p roach  is th at mul tip l e set top  box es w ith in 
a service g roup  can sh are a stream th at is 
active w ith in th at service g roup ;  if  N  view ers 
w ith in a service g roup  w atch  th e p rog ram 

M T V , onl y  one instance of  M T V  is sw itch ed 
into th at service g roup . Th us, th e content is 
del ivered over th e I P  netw ork  using  I P  
mul ticast and over th e H FC  p l ant w ith  a 
stream sh aring , RF mul ticast mech anism 
resembl ing  th at on th e I P  netw ork . 
S w i tch e d  u n i cast ref ers to a del ivery  
mech anism in w h ich , reg ardl ess of  th e I P  
transp ort and routing  mech anisms dep l oy ed, 
th e stream on th e H FC  side of  th e p l ant is 
destined f or a sing l e tuner w ith in a sing l e set 
top ;  i.e. set top s w ith in a service g roup  no 
l ong er sh are M P E G  streams;  if  N  view ers 
w ith in a service g roup  req uest M T V , N  
instances of  M T V  are sw itch ed into th at 
service g roup .  Ty p ical l y  th e transp ort 
mech anisms on th e I P  netw ork  w il l  al so be 
via I P  unicast, but h y brid sol utions can be 
envisioned in w h ich , f or ex amp l e, ad servers 
at th e edg e j oin mul ticast I P  content, insert a 
targ eted ad, and th en send th e new  stream via 
I P  unicast to th e edg e Q AM . 
 
Th e drivers f or dep l oy ing  sw itch ed unicast are 
comp el l ing . Sw itch ed unicast of f ers th e 
op p ortunity  to p ersonal iz e video. Since each  
tuner now  receives an individual  video 
stream, media p rocessing  tech niq ues can be 
used to modif y  th e stream to suit th e 
p ref erences of  an individual  subscriber. Th ese 
modif ications may  incl ude g rap h ics overl ay s 
on th e screen th at are tail ored to th e 
subscriber’ s p ref erences. For ex amp l e, a 
tick er th at disp l ay s p ref erred stock  q uotes, 
sp orts scores, l ocal iz ed w eath er inf ormation, 
etc. 
 
B ut p erh ap s th e most comp el l ing  driver f or 
sw itch ed unicast is in th e abil ity  to 
p ersonal iz e advertising . Th e N orth  American 
cabl e industry  h as a l ong  h istory  in sp ot 
advertising  as a revenue source, and many  
sy stems p erf orm a l imited l evel  of  l ocal iz ation 
by  dividing  a cabl e sy stem into z ones and 
of f ering  sp ot insertion on a z one by  z one 
basis. H ow ever, th e abil ity  to transcend 
bey ond z ones and of f er advertising  on a 
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p e rso n al i z e d  basis of f ers M SO s th e 
op p ortunity  to ch arg e a p remium f or th ese 
sl ots – indeed th e success of  G oog l e in its 
abil ity  to p ersonal iz e advertising  in th e onl ine 
sp ace h as made al l  p articip ants in th e 
advertising  del ivery  ch ain sit up  and tak e 
notice. Furth ermore, w ith  p ersonal iz ed 
advertising , ads need not be restricted to 30 -
second sp ots – th ey  can additional l y  tak e th e 
f orm of  g rap h ics l og o overl ay s, w ith  
additional  p ossibil ities enabl ed f rom th e 
incremental  abil ity  to l aunch  interactive ads. 
 
Th is raises an interesting  q uestion w h ich  is 
th e subj ect of  th is p ap er – sw itch ed unicast 
h as th e abil ity  to increase M SO  revenue 
th roug h  th e incremental  benef its of  
p ersonal iz ed advertising , y et to reap  th is 
benef it req uires an investment in del ivery  
inf rastructure to enabl e th ese p ersonal iz ed 
cap abil ities. I s th e investment w orth  it?  
 
Th is turns out to be a ch al l eng ing  q uestion to 
answ er, as th e answ er dep ends on a number of  
variabl es, incl uding  subscriber view ing  
p atterns, service g roup  siz ing , eq uip ment 
costs, and th e anticip ated p remium to be 
ex p ected f rom p l acing  a p ersonal iz ed ad as 
op p osed to a z oned ad. To better understand 
th is top ic, w e p rop ose to study  th e subj ect 
f rom 3 p ersp ectives:  anal y z ing  data f rom a 
real  SD V dep l oy ment to understand mul ticast 
and unicast resource sensitivity  based on 
p rog ram p op ul arity , service g roup  siz e, and 
oth er f actors;  devel op ing  a f inancial  model  of  
sw itch ed unicast, w h ich  al l ow s RO I  to be 
anal y z ed based on a number of  f actors;  and 
ex p l oring  al ternate model s of  SD V th at enabl e 
unicasting  on an op p ortunistic basis. 
 
 
SU B SC RI B E R VI E W I N G  P ATTE RN S AN D  

SW I TC H E D  U N I C AST 
 
 
    I t is dif f icul t to mak e p urel y  anal y tical  
p redictions reg arding  SD V ef f iciency , since 

ef f iciencies ul timatel y  dep end on subscriber 
view ing  p atterns, w h ich  in turn is driven by  
th e beh avior of  h uman being s. H ow ever, by  
anal y z ing  th e p attern of  ch annel  ch ang e 
messag es f rom SD V, it is not dif f icul t to inf er 
w h at th e ex p ected sy stem beh avior w oul d be 
if  th e sy stem w ere unicast instead of  
mul ticast. 
 
To better understand th is rel ationsh ip , 
view ersh ip  inf ormation w as ex tracted and 
anal y z ed as p art of  a SD V trial  w ith  a maj or 
N orth  American M SO .  B y  ag g reg ating  and 
p ost-p rocessing  ch annel  ch ang e inf ormation 
f rom server l og  f il es, it is anal y tical l y  
straig h tf orw ard to determine not onl y  th e 
rel ative dif f erence in resource req uirements 
betw een mul ticast and unicast, but it is al so 
p ossibl e to anal y tical l y  modif y  th e “ virtual ”  
siz e of  th e service g roup  to better ap p reciate 
th e sensitivity  betw een service g roup  siz e and 
resource util iz ation f or both  th e mul ticast and 
unicast scenarios. 
 
Th e view ersh ip  study  w as conducted over 
several  w eek s and incl uded ch annel -ch ang e 
data f or 247  broadcast video services 
comp rising  228  standard def inition p rog rams 
and 19  h ig h  def inition p rog rams del ivered to 
6 8 0  tuners in a service g roup .  Th e study  
incl uded f our maj or step s:  ( 1)  comp utation of  
th e view ersh ip  l ong -tail ;  ( 2)  seg mentation of  
th e l ong -tail  into p op ul arity  q uintil es;  ( 3)  
seg mentation of  th e settop s into “ virtual  
service g roup s” , and ( 4)  comp utation of  
unicast ( total )  and mul ticast ( uniq ue)  streams 
req uired to del iver cumul ative q uintil es of  
p rog ramming  to a rang e of  service g roup  
siz es. 
 
Th e concep t of  a “ virtual  service g roup ”  
w arrants some discussion.  O ne imp ortant 
resul t desired f rom th e anal y sis w as th e 
ex p ected variation in video stream resource 
req uirements w ith  service g roup  siz e.  I n most 
p roduction sy stems, a targ et service g roup  
siz e is establ ish ed and th e inside and outside 
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p l ants desig ned to th at targ et siz e.  I f  an 
anal y sis is p erf ormed onl y  w ith  th e ex isting  
service g roup  structure, bandw idth  
req uirements can be p redicted f or onl y  a very  
narrow  rang e of  service g roup  siz es.  
Th eref ore, instead of  using  th e ex isting  
sy stem’ s service g roup  structure, th e nodes 
w ere reg roup ed into sets of  virtual  service 
g roup s containing  tuner counts th at sp an th e 
rang e of  interest. 
 
Fig ure 1 p rovides view ersh ip  resul ts f or one 
w eek  of  data and il l ustrates th e cl assic l ong -

tail  view ersh ip  p h enomenon.  Th e g rap h  is 
g enerated by  summing  th e number of  seconds 
view ed f or each  broadcast video p rog ram and 
th en rank ing  th e ch annel s in order of  
decreasing  total  view ersh ip  [1].  O nce th e 
p rog rams are rank ed, th e view ersh ip  curve is 
seg mented into f ive sections, each  of  w h ich  
incl udes 20 %  of  th e of f ered p rog rams.  Th ese 
q uintil es are used to eval uate stream 
req uirements as a f unction of  p rog ram 
p op ul arity . 
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Fig ure 2 il l ustrates sw itch ed mul ticast stream 
usag e and disp l ay s th e number of  p eak  uniq ue 
simul taneous streams req uired as a f unction of  
service g roup  siz e and p op ul arity  of  content.  
Th e h oriz ontal  ax is disp l ay s th e number of  
tuners p er service g roup , and th e vertical  ax is 
disp l ay s th e number of  p eak  uniq ue 
simul taneous streams.  Five curves are 
incl uded on th e p l ot, each  of  w h ich  il l ustrates 

p eak  stream req uirements f or a p articul ar 
g roup ing  of  content:  th e bottom curve 
il l ustrates th e p eak  uniq ue streams req uired 
f or th e l east view ed 20 %  of  content;  th e nex t-
to-bottom curve il l ustrates p eak  uniq ue 
streams req uired f or th e l east view ed 40 %  of  
content;  and so on up  to th e top  curve th at 
il l ustrates th e p eak  uniq ue streams req uired 
f or th e entire broadcast video l ineup . 
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E ach  curve is g enerated f rom a reg ression 
anal y sis of  th e raw  data p oints, al so incl uded 
on th e p l ots, th at resul t f rom p rocessing  each  
virtual  service g roup  f or a sp ecif ic g roup ing  
of  content.  Tw o-sided 9 5%  p rediction 
interval s ( not sh ow n in th e f ig ure)  w ere al so 
comp uted.  Future individual  p eak  stream 
count resul ts are ex p ected to f al l  bel ow  th e 

up p er bound of  th is p rediction interval  9 7 .5%  
of  th e time.  
 
Fig ure 3 is th e unicast eq uival ent of  Fig ure 2.  
I n th is case, th e vertical  ax is disp l ay s th e 
number of  p eak  total  simul taneous streams as 
op p osed to th e number of  p eak  uniq ue 
simul cast streams;  oth erw ise, th e data anal y sis 
is eq uival ent to th at described above f or th e 
mul ticast case. 
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Fig ure 4 summariz es th e stream count 
dy namics betw een unicast, mul ticast, and 

basic broadcast f or th e entire 247 -p rog ram 
l ineup . 
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As ex p ected, th e dif f erent del ivery  
mech anisms req uire dramatical l y  dif f erent 
H FC  bandw idth  al l ocations.  Th e number of  
streams req uired to del iver th e l ineup  via 
traditional  l inear broadcast is of  course 
constant and th eref ore indep endent of  service 
g roup  siz e.  Th e number of  streams req uired 
to del iver th e same l ineup  via sw itch ed 
mul ticast is sig nif icantl y  l ess since settop s 
may  sh are streams w ith in an H FC  service 
g roup .  Th e number of  streams req uired to 
del iver th e l ineup  using  sw itch ed unicast is 
l inearl y  p rop ortional  to service g roup  siz e.  
Th is l atter view ersh ip  curve is simil ar to th at 
f or VO D  ex cep t th at th e sl op e of  th e unicast 
demand curve f or broadcast content is much  
steep er th an th at ex p erienced w ith  VO D . 
 
For del ivery  of  th e most p op ul ar content to 
l arg er service g roup s, unicast req uires 
sig nif icantl y  more bandw idth  th an not onl y  
mul ticast SD V but al so simp l e l inear 
broadcast.  For ex amp l e, in order to of f er th e 
entire broadcast video l ineup  to today ’ s 
ty p ical  50 0  tuner service g roup , th e unicast 
model  of  Fig ure 4 req uires ap p rox imatel y  417  
p eak  streams, th e mul ticast model  req uires 
ap p rox imatel y  120  p eak  streams, and th e 
broadcast model  req uires 247  streams.  
M ak ing  th e simp l if y ing  assump tion of  a 50 /50  
SD /H D  sp l it f or th e unicast streams, 
ap p rox imatel y  10 4 Q AM  carriers w oul d be 
req uired to carry  th e unicast content. 
 
C l earl y  th e cap acity  to unicast th e entire 
l ineup  is not avail abl e on a ty p ical  service 
g roup  in today ’ s h y brid dig ital /anal og  H FC  
sy stems;  h ow ever, th ere are a number of  
revenue-enh ancing  op p ortunities th at can be 
sup p orted today  by  th e surg ical  insertion of  
unicast tech nol og ies.  Th ese surg ical  
dep l oy ments can be more f ul l y  devel op ed as 
th e industry  continues th e inex orabl e p ush  
tow ard smal l er service g roup s and increased 
dig ital  del ivery .  Service g roup  siz es are 
trending  tow ards a f uture w h ere 250  tuner 
service g roup s w il l  be th e norm, and onl y  20 9  

streams w il l  be req uired to unicast th e entire 
th e 247  ch annel  broadcast l ineup , f ew er th an 
th e number req uired f or simp l e l inear 
broadcast. 
 
O ne k ey  caveat sh oul d be raised at th is p oint 
reg arding  unicast:  view ersh ip  statistics are 
nonstationary  f rom a statistical  standp oint, 
th at is, th ey  ch ang e w ith  time, and th is f act 
h as sig nif icant p ractical  imp l ications.  As an 
ex amp l e, consider th e case of  a w eath er or 
new s ch annel , a service w ith  averag e 
view ersh ip  suf f icientl y  f ar dow n th e l ong -tail  
to sup p ort its incl usion into a sw itch ed tier.  
As time g oes by , a h urricane or oth er maj or 
new s event w il l  inevitabl y  emerg e, and th e 
p op ul arity  of  th is p reviousl y  moderatel y -
view ed p rog ramming  sk y rock ets.  I f  th e 
ch annel  is of f ered on a mul ticast tier, view ers 
th at f l ock  to th e ch annel  sh are a sing l e stream;  
h ow ever, if  th e ch annel  is of f ered on a unicast 
tier, view ers receive th eir ow n stream, and th e 
req uired edg e bandw idth  mush rooms bey ond 
th at w h ich  may  h ave been p redicted based 
up on p rior view ersh ip  studies.  A unicast tier 
is much  more sensitive to th e ch oice of  
sel ected content th an a mul ticast tier and is 
th eref ore l ess stabl e f rom a bandw idth  
p l anning  p ersp ective.  I n order to mitig ate th is 
risk , a k ey  p otential  f eature of  a unicast 
sy stem w oul d be th e abil ity  of  th e sy stem to 
automatical l y  p romote and demote betw een 
th e unicast and mul ticast tiers. 
 
Final l y , in th e above discussion stream counts 
are used as a p rox y  f or bandw idth  
req uirements and th e tw o are of ten used 
interch ang eabl y .  H ow ever, if  dif f erent 
streams h ave dif f erent bandw idth s, ag g reg ate 
stream counts and th eir associated total  
bandw idth s may  not be directl y  p rop ortional .  
For ex amp l e, if  view ersh ip  of  H D  services is 
consistentl y  h ig h er th an th at f or SD  services, 
th e most view ed 20 %  of  content may  req uire 
substantial l y  more bandw idth  th an th e stream 
estimates al one w oul d p redict.  I n th e sy stem 
under consideration, 19  of  th e 247  broadcast 
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