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A b s t r a c t  
 
T h e p ap er rep o rt s o n  t h e sim u l at io n  based  researc h  in  t h e area o f  t h e d at a 
p ac k et  ad m issio n  c o n t ro l  in  t h e area o f  p ac k et  based  n et w o rk s ( su c h  as 
I n t ern et ) .  T h e researc h  resu l t s p resen t ed  sh o w  t h e p erf o rm an c e o f  t h e n ew  
m ec h an ism  d e-sig n ed  by  t h e au t h o r.  T h e p ro p o sed  sc h em e p ro v es t o  be 
ben ef ic ial  in  t h e area o f  t h e p ro bl em s t y p ic al  f o r T C P/ I P t raf f ic   
( c o n g est io n ,  d el ay s,  d ro p p ed  p ac k et ,   ret ran sm issio n s,  w ast ed  ban d w id t h ) .  
T h e w o rk  p resen t ed  in  t h is p ap er h as been  sp o n so red  by  B rit ish  T el ec o m  
an d  w as u sed  as t h e c o re m at erial  f o r t h e p at en t  ap p l ic at io n  by  B rit ish  
T el ec o m .  
 
K e y w o r d s :  f l o w ,  c o n g est io n  an d  ad m issio n  c o n t ro l ,  F PQ  
 
F i rs t  P a c k et  Q u eu i n g  – ro zp ro s zo n y s ys t em  
k o n t ro l i  a d m i s j i  

 
S t r e s z c z e n i e  

 
Art y k u ł  o p isu j e w y n ik i bad ań  w  o bsz arz e ad m isj i p ak iet ó w  d an y c h   
w  siec iac h  p ak iet o w y c h  t ak ic h  j ak  I n t ern et .  W y n ik i bad ań  u z y sk an y c h  n a 
d ro d z e sy m u l ac j i p o z w al aj ą  o c en ić  sk u t ec z n o ś ć  n o w eg o  m ec h an iz m u  
w y m y ś l o n eg o  p rz ez  au t o ra.  Z ap ro p o n o w an e ro z w ią z an ie o k az ał o  się   
w  ef ek c ie bad ań  bard z o  p o m o c n e w  w al c e z  o bj aw am i p rz ec ią ż en ia w  siec i 
t ak im i j ak  o p ó ź n ien ia p ak iet ó w ,  p o rz u c an ie p ak iet ó w ,  ret ran sm isj e,  
z m arn o t raw io n a p rz ep u st o w o ś ć .  B ad an ia o p isan e w  art y k u l e by ł y  
sp o n so ro w an e p rz ez  B rit ish  T el ec o m  i z o st ał y  u ż y t e j ak o  p o d st aw o w y  
m at eriał  d o  w n io sk u  p at en t o w eg o  z g ł o sz o n eg o  p rz ez  B rit ish  T el ec o m .  
 
S ł o w a  k l u c z o w e :  z arz ą d z an ie p rz ep ł y w em ,  p rz ec ią ż en ie siec i i ad m isj a  
w  siec iac h  p ak iet o w y c h ,  F PQ  
 
1 .  I n t ro d u c t i o n  
 

A lm ost  1 0 0 %  of  t h e t raf f ic in t oday ’ s I nt ernet  is g enerat ed by  
t h e T C P / I P  f am ily  of  p rot ocols ( F T P ,  H T T P ,  S M T P ,  P O P 3 ,  
I M A P ) .  A lm ost  1 0 0 %  of  t h e com p ut er ap p licat ions,  w orking  ov er 
t h e I nt ernet  ( such  as w eb brow sing ,  f ile t ransf ers,  com m unicat ors 
and em ails)  use t h e T rnasm ission C ont rol P rot ocol or T C P .  

M uch  h as been said in t h e area of  f ig h t ing  t h e cong est ion in t h e 
I nt ernet .  C ong est ion in sim p le w ords m eans t h at  t h e net w ork is 
of f ered m uch  h ig h er t raf f ic t h an it  can act ually  h andle.  A s a result  
t h e dat a p acket s are delay ed or ev en drop p ed,  w h ich  result s in t h e 
dat a p acket  ret ransm issions,  p acket  reordering  et c [ 1 ] .   

A lso due t o t h e of f en neg lect ed ef f ect  of  t h e p acket s f rom  t h e 
sam e f low  t rav eling  t og et h er and as m any  as 8 ,  1 6  and m ore 
p acket  can be drop p ed in a row  f rom  t h e sam e f low  or session– an 
int eract iv e user is likely  t o drop  t h e connect ions and rest art  new  
ones.  A ll t h e abov e causes t h e w ast ag e of  a v aluable bandw idt h .  

A ddit ionally  in t h e era of  net w ork t elep h ony ,  net w ork radio 
t ransm issions and net w ork T V ,  t h e issues of  g uarant eed 
bandw idt h ,  cont rolled delay  and t h e num ber of  drop p ed p acket s 
( of en described in a f orm  of  t h e req uired Q oS )  becom es ev en 
m ore burning  [ 2 ] .  

T h e m ain direct ions,  in w h ich  t h e cong est ion relat ed research  is 
carried out  are t h e dat a f low ,  cong est ion and adm ission cont rol.  
C urrent ly  dep loy ed solut ions f or h andling  t h e cong est ion can be 
sh ort ly  list ed as f ollow s.  F irst  one is using  t h e connect ion based 
net w orks ( e. g .  A T M ) .  T h is solut ion is ex p ensiv e and not  w ell 
scalable in t h e ev er g row ing  I nt ernet .  S econd solut ion is relat ed t o 
t raf f ic p rof iling ,  sh ap ing  and creat ing  reserv at ions in 
connect ionless net w orks ( e. g .  R S V P )  [ 3 ] .  H ow ev er,  T raf ic 
p rof iling  f or t h e T C P  f low s is v ery  dif f icult  and addit ionally  
sh ap ing  can be done at  t h e edg es of  t h e net w ork w h ere t h e no w ay  
of  know ing  w h at  is t h e current  sit uat ion on any  cong est ed links.  
T h ird solut ion is D if f erent iat ed S erv ices ( D S )  [ 3 ] ,  w h ich  is m ost  
p rom ising  solut ion,  but  req uires t h e obedience of  cert ain rules by  
all of  t h e bodies creat ing  t h e I nt ernet ,  w h ich  at  t h e m om ent  is 
im p ossible t o be f orced on.   

A lt h oug h  t h ere also ex ist  som e p acket  m arking  m et h ods  
( e. g .  T C P  source q uench  sig nal,  R E D  used f or early  connect ion 
not if icat ion or E C N )  but  t h is are not  considered f ast  and st rong  
enoug h  solut ions.  

N ev ert h eless t h e m ost  p op ular w ay  of  ap p roach ing  t h e 
cong est ion is drop p ing  p acket s w h en t h e buf f ers g et  f illed in f ront  
of  a cong est ed link ( so called D R O P  T ail [ 4 ] ) .  E v en if  som e clev er 
m ech anism s h av e been p rop osed ( t o p rev ent  drop p ing  m any  
p acket s f rom  t h e sam e dat a connect ion or f low )  and act ually  
dep loy ed in t h e net w ork dev ices ( e. g .  random  early  det ect ion or 
R E D  [ F air R E D  or F R E D  ,  W eig h t ed R E D  or W R E D  and m ore)  
t h ese use drop p ing  p acket s as a w ay  of  conv ey ing  t h e inf orm at ion 
back t o t h e source t h at  t h e net w ork is busy  and t h e source h as t o 
slow  dow n.   

H ow ev er,  alt h oug h  such  sch em es p roduce som e f ree buf f er 
sp ace in t h e F I F O  q ueues ( and h ence p acket  buf f ers)  associat ed 
w it h  a cong est ed link,  t h e inev it able ef f ect  of  t h is is t o 
com p rom ise t h e Q oS  p aram et ers of  t h e af f ect ed st ream s.  A lso,  in 
ap p licat ions t h at  inv olv e t h e ret ransm ission of  lost  p acket s by  t h e 
source end sy st em ,  t h e relief  obt ained by  t h ese ap p roach es can 
only  be t em p orary  and is associat ed w it h  w ast ing  bandw idt h .  

A ll of  t h e abov e solut ions t ry  - w it h  v arious result s - t o sat isf y  
t h e t w o f undam ent al rules of  an ef f icient  net w ork:  
- t h e t h roug h p ut  of  any  cong est ed link h as t o be m ax im iz ed t o 

av oid sit uat ion t h at  no p acket s are ready  t o be sent  on t h e link 
w h ich  is a bot t leneck 

- any  p acket  on any  link h as t o ex p erience a m inim al delay  by  
m inim iz ing  t h e t im e it  sp ends in t h e  buf f ers 
U nf ort unat ely  t h ese t w o f undam ent al rules cont radict s each  

ot h er.  T h e int ernet  it self  is a v ery  dy nam ic collect ion of  v arious 
beh av iours,  react ions,  st at es of  resources,  ch ang ing  f low s and 
condit ions and h ence a m et h od,  w h ich  can be dep loy ed at  t h e v ery  
source of  t h e p roblem s ( in t h is case cong est ion)  ex act ly  at  t h e t im e 
w h en t h e p roblem  occurs is crit ical.  

T h e idea of  t h e F P Q  becom es easy  t o underst and if  one looks at  
t h e m ov ing  dat a t raf f ic and t h e cong est ed p oint  in t h e net w ork as 
t h e ent it ies h olding  all t h e necessary  inf orm at ion f or m aking  an 
op t im al decision.  T h e solut ion described in t h e nex t  sect ion sh ow s 
a new  w ay  of  t h inking  about  t h e dat a t raf f ic t rav eling  t h roug h  t h e 
I nt ernet  and p rop oses a v ery  f lex ible,  easy  in im p lem ent at ion and 
p ow erf ul w ay  of  ap p roach ing  t h e cong est ion p roblem  by  m eans of  
cont rolling  t h e adm ission of  new  f low s.  

 
2 .  F i rs t  P a c k et  Q u eu i n g  o r F P Q  
 

A  key  p rem ise of  t h e F P Q  sch em e is t h at  w h en cong est ion at   
a p art icular out g oing  link associat ed w it h  a net w ork node st art s,  in 
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order to avoid the Q oS  g u arantees of all the ex isting  flow s that are 
u sing  that link  b eing  com prom ised,  it is essential to stop or delay  
the adm ission of any  new  calls/ sessions from  u sing  the cong ested 
link .  T he k ey  issu e,  therefore,  is how  new  calls/ sessions are 
prevented from  b eing  adm itted to the netw ork  w hilst still 
m aintaining  the C L  m ode of w ork ing .  

I n practice,  irrespective of the operational m ode of the netw ork ,  
the first pack et associated w ith each new  call/ session is alw ay s 
concerned w ith the sou rce end sy stem  req u esting  the destination 
end sy stem  to b e involved in a call/ session.  E x am ples inclu de,  for 
a conventional data-only  session over the I nternet,  an I P  pack et 
containing  a T C P  S Y N  seg m ent or,  for a call involving  real-
tim e/ stream ing  m edia su ch as that associated w ith a telephone or 
videophone call,  a pack et containing  a call setu p req u est relating  
to a sig nalling  protocol.  H ence in order to ex ploit this fact,  the first 
pack et relating  to each new  call/ session is m ark ed b y  the sou rce 
u sing ,  for ex am ple,  a sing le b it in the I P  pack et header.   

T hen,  w hen a netw ork  node processes each pack et,  it first tests 
this b it and,  if set,  it either forw ards the ( first)  pack et in the norm al 
w ay  if no cong estion is present or,  if cong estion is present,  the 
pack et is either dropped - a techniq u e called first pack et dropping  
( F P D )  - or is delay ed b y  placing  it in a separate F I F O  q u eu e 
associated w ith the req u ired ou tg oing  link .  T his is k now n as the 
first-pack et q u eu e and the approach,  first-pack et q u eu eing  ( F P Q ) .  
P ack ets delay ed in this w ay  are then only  forw arded if the 
cong estion su b sides w ithin a defined tim e of the pack et b eing  
q u eu ed.  O therw ise the pack et is discarded.  

C learly ,  a nu m b er of different strateg ies can b e u sed to 
determ ine w hen a first-pack et shou ld b e delay ed and w hen  
a delay ed first-pack et shou ld b e transm itted.  F or ex am ple,  the 
q u eu e m anag er associated w ith each ou tg oing  link  ( in each 
netw ork  node)  can k eep a record of the nu m b er of pack ets that are 
q u eu ed for the link .  T hen,  only  if the q u eu e leng th is b elow   
a defined threshold is a first-pack et placed in the q u eu e for 
forw arding ,  otherw ise it is either discarded - F P D  - or is delay ed 
b y  placing  it in the first-pack et q u eu e - F P Q .  

S im ilarly ,  if the nu m b er of q u eu ed pack ets for a link  falls b elow  
a second threshold then a delay ed first-pack et is transferred from  
the first-pack et q u eu e to the link  ou tpu t q u eu e for forw arding .  
A lso,  if a first-pack et is q u eu ed for long er than a defined tim e-ou t 
interval,  then it m ay  b e discarded.  I n this case,  the lack  of a call 
accepted or session-ack now ledg em ent pack et ( relating  to the 
discarded first-pack et)  b eing  received b y  the sou rce end sy stem  
w ill resu lt in the initiating  protocol tim ing  ou t and sending  a new  
session-req u est first-pack et.  A  ty pical delay ,  for ex am ple,  is in the 
order of 6 s w ith T C P  w hich,  for this ty pe of traffic,  m ay  b e 
su fficient for cong estion to ease and to allow  the nex t first-pack et 
to b e su ccessfu l.  

I t shou ld b e stressed that the proposed schem e w as devised w ith 
T C P  flow s in m ind,  m ainly  b ecau se the nu m b er of pack ets sent b y  
T C P  is controlled b y  a cong estion w indow .  A dditionally ,  T C P  
flow  control does not allow  a second pack et to b e sent b efore the 
first one is delivered and its delivery  is confirm ed b y  the arrival of 
a corresponding  A C K  pack et.   

T he idea of adm ission control for T C P  is relatively  new  one.  A s 
far as the ex isting  adm ission control schem es are concerned m ost 
of them  address U D P  b ased constant rate or adaptive rate flow s.  
T his can b e easily  ex plained b y  the fact that it is m u ch easier to 
estim ate the data rate of su ch a flow ,  and hence provide efficient 
b andw idth m anag em ent for real tim e m u ltim edia flow s.  U D P -
b ased flow s fit w ell into ex isting  and w ell researched ty pes of 
adm ission control,  nam ely  m easu rem ent b ased and param eter 
-b ased [ 5 ] .   

T he idea of rej ecting  new  flow s w hen b u ffers start filling  u p is 
related to the ob servation that there is alw ay s a b ottleneck  link  in  
a netw ork  and the m aj ority  of the data pack ets sent b y  all sou rces 
are lik ely  to b e q u eu ed in b u ffers located in front of this b ottleneck  
link   

S topping  or delay ing  the first-pack et of a flow  is m u ch m ore 
pow erfu l and effective b ecau se it stops all data pack ets from  the 
affected flow  and hence represents a m u ch m ore effective w ay  of 
avoiding  data loses du e to b u ffer overflow  and relieving  
cong estion.  A dditionally ,  first-pack ets ( S Y N )  do not u su ally  carry  
data,  w hich m eans firstly ,  that less b u ffer space is needed to q u eu e 
su ch a pack et and secondly  if they  are dropped the associated 
b andw idth w astag e is not so severe.  

D u e to the fact that F P Q  is desig ned to b e u sed w ithin stateless 
rou ters the alg orithm  does not depend on inform ation su ch as 
nu m b er of flow s in prog ress or nu m b er of estab lished connections.  
I t also does not rely  on identify ing  load of any  particu lar flow  and 
does not m onitor setting  u p and tearing  dow n data connections.  
A dditionally ,  it does not u se any  k ind of ex plicit sig nalling .  

D epending  on how  sophisticated the first-pack et handling  and 
decision m ak ing  m echanism  is,  it w ou ld m ak e decisions w ith 
respect to first-pack ets on three levels:  
• W hat to do w ith arrived first-pack et:  relay ,  q u eu e or drop 
• W hen to m ak e a decision:  decision b ased on instantaneou s or 

averag ed b u ffer occu pancy  ( e. g .  ex ponentially  w eig hted 
m oving  averag e)  

• W hich pack et ou t of pack ets stored w ithin first-pack et q u eu e 
forw ard/ adm it first 

T he proposed active q u eu e m anag em ent schem e is b ased on  
a com m on b elieve that preventive flow  control is a b etter solu tion 
than reactive flow  control and hence it is claim ed that the 
proposed schem e perform s b etter than cu rrently  u sed alg orithm s 
( e. g .  D rop-tail and R E D ) .   

I t shou ld b e also stressed that one of the b ig g est advantag es of 
the proposed schem e lies in the fact that there are no chang es 
necessary  to T C P  end-to-end flow  control,  b ecau se the 
retransm ission of the dropped first-pack et is treated b y  T C P  in the 
appropriate w ay .  T here is also no need to deploy  any  rate shaping  
m echanism s ( e. g .  leak y  b u ck et)  for T C P  flow s.  
 

3. S i m u l a t i o n  s e t u p  
 

T he research data collected are b ased on the sim u lations and u se 
the B O N E S  D esig ner m odeling  and sim u lation softw are.  F or the 
pu rpose of the research the m odels of T C P / I P  data sou rces ( file 
transfer) ,  m odels of rou ters/ sw itches as w ell as the first pack et 
q u eu ing  m odu les have b een developed and verified.   

I n order to investig ate the potential b enefits of u sing  the F P Q  
schem e m any  variou s and ex tensive sim u lations have b een carried 
ou t.  T he sm all proportion of resu lts presented here is enou g h the 
show  the ex isting  relation.  W ith the F P Q  schem e,  arriving  first-
pack ets are transferred either to the link  ou tpu t q u eu e if the cu rrent 
leng th of the q u eu e is b elow  a defined threshold or to the first-
pack et q u eu e if the q u eu e leng th ex ceeds the threshold.  A lso,  
q u eu ed pack ets are either transferred to the link  ou tpu t q u eu e if its 
leng th drops b elow  the threshold w ithin a defined tim e interval or 
discarded if the end of tim e interval is reached.   
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F i g . 1 .  A n a l y s e d  t o p o l o g y  
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In the reported set of simulations a steadily increasing level of 
offered traffic has been used. U nidirectional traffic and a simple 
topology are used in order to demonstrate the operation and 
efficiency of the F P Q  scheme. N etwork  related issues such as 
buffer occupancy,  end-to-end delay and throughput are q uantified 
and analysed. 
 

4. S i m u l a t i o n  r e s u l t s  a n d  d i s c u s s i o n  
 

T he results of the simulations are summarised in fig. 2  and  
fig. 3 . F ig. 2  relates to T hroughput vs. O ffered L oad and fig. 3  to 
M ean E nd-to-end D elay vs. O ffered L oad. E ach figure shows the 
results from all three simulations. A s can be seen in fig. 2  for the 
L arge B uffer case and the S mall B uffer case with F P Q  enabled,  
the throughput reaches 1 0 0 %  utilisation and then stays at this level 
as the offered load k eeps increasing. N o data pack et losses are 
registered for these two cases. 

 

 
 
F i g . 2 .  T h r o u g h p u t  v s . O f f e r e d  l o a d  
 

F or the S mall B uffer case with F P Q  disabled,  however,  the 
throughput falls below 1 0 0 %  with the increasing level of offered 
load. T his is caused by an ex tensive pack et dropping. A s the 
offered load increases to 1 5 0 %  the link  throughput decreases to 
below 8 0 % . S ince pack ets are dropped,  some T C P  sources back  
off and slow down their transmission and hand over a share of 
their bandwidth to the unaffected flows. T his results in temporary 
lower buffer utilisation and as new T C P  connections are made 
every second the buffer utilisation and the throughput fluctuate. 

A s can be seen in fig. 3  the mean delay for the F P Q  and S mall 
B uffer cases oscillates around 5 0 ms regardless of the offered load,  
for the L arge B uffer case,  however,  delays continue increasing 
with the increasing load and reaches a value of 6 0 0 ms. 
 

 
 
F i g . 3 .  M e a n  E n d -t o -e n d  d e l a y  v s . O f f e r e d  l o a d  
 
 

5 . C o n c l u s i o n s  a n d  s u m m a r y  
 

A s show the simulation results along with the result discussion 
the F P Q  scheme satisfies the two main rules for the effective 
network  utiliz ation. A nd hence represents a very interesting family 
of the new breed of solutions,  which can fight the congestion.  

T he discussion of the wide range of techniq ues of mak ing 
decisions on which call/ sessions to admit and which rej ect/ q ueue  
( e.g. file siz e,  number of sessions from the same user)  as well as 
which calls/ sessions to admit first after they have spend some time 
( e.g. on F IF O  bases)  and at what speed to release the new flows 
( e.g. 1  call/ session per R T T )  ex ceeds the scope of this paper. 
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