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Abstract 
 

This paper proposed a simple but efficient 
algorithm, which is applied to the connection 
admission controls. Connection admission controls are 
the first gate of control mechanisms for provision of 
quality of service in the future multimedia Internet. 
Utilizing a service curve to describe the quality of 
service is an effective method. Therefore, Sariowan 
proposed the SCED scheduling mechanism to 
guarantee the service curves required by connections. 
The SCED is also a kind of EDF scheduling and 
Firoiu proposed an algorithm with low complexity for 
the connection admission control of EDF. Although 
the complexity of the algorithm is low, it is 
time-consuming because it processes the calculation in 
series. Therefore, this paper proposed a new algorithm 
that accelerates the calculation of the lowest delay by 
a method of parallel calculation. The parallel 
algorithm keeps the low complexity of the series 
algorithm and completes the connection admission 
control in a shorter time. Except proposing the parallel 
algorithm, this paper also modified some mistakes in 
the Firoiu's paper. 
Keywords: Quality of service, connection admission 
control, piecewise linear function, envelope of arrival 
process, series algorithm, parallel algorithm. 
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� �$ % $ &W���! " # � $ % $

&	! " # | ) ���} ~ �� 
 � 4 � � _ � �

() * +(Quality of Service, QoS)<=�HB@� 
! " # $ % $ &W���� � �$ % $ &�� �_

c � �� � ! �	� � �� � � � (capacity)	PQ
$ % $ &� <� ' () * +�� � � � �o � �

. � � 
$ % $ & � 9 � � � � (Internet Engineering 

Task Force, IETF)�7 � � � C $ &� �a() *
+6� � � � C $ &   ¡ 	 > ��¢ £ v ( )

(integrated services, IntServ) [2]¤ ¥ ¦ v ( )
(differentiated services, DiffServ) [1]�¢ £ v () �
Q§ £ ¨ o () * +© =( ª « ¬ s­ ® ¯ ° ± ² ³
´ µ � ° )P¶ J �· ¸ �� n > ¹ º 7 ª » X �
RSVP (Resource Reservation Protocol) [3]  N O $
&� ��¼ ½ �| ) N ¾ $ &a¿	�7 zy()

* +�<=	 � � À K Á � (Policing)s Â Ã
(Classification)s8 9 (Scheduling) Ä Å Æ 	 � ' �
�_ � �() Ä Ç 	ÈABÉ ��� Â Ê $ &�

��I Ë $ &� �� Ì Í�Â Ê 	
 Î @� � Ï Ð

Ñ B���Ò x 	P
 &Î Ó Ô Õ . Ö � BÉ ��

�: ½ �× ��Ø Ù 	ÚÛ Ü Ý &Î Ó Þ ß K à	

/á() * +â D �5V ¢ £ v $ &� �� ' 
 �

�· ã ä v (scalability)	� � �å��æ ç U�6
¥ ¦ v () è _ �ABÉ ����� ' _ � a(

) * +	6�WP
 �() * +Â �x C Ã é 	ê

? @� �C Ã é a��ë� áyÑ � �ì° í î

(forwarding treatment) [15]	5V ¥ ¦ v () c ï ð
· ã ä v _ ñ �ò ó ¤â D � E F G� 

�P
 ô() * +Ñ õ �� � . � n 	���

� � � (connection admission control, CAC)W�,
�- ö �	6��� � � � ô$ &n ÷ ø�8 9 .

� 
 õ ��7 � ' () * +	Sariowan [14] � ��
C 8 9 . � 	 ù � SCED (Service Curve based 
Earliest Deadline first policy)�SCED > ��C EDF 
(Earliest Deadline First)8 9 �ë	ú � SCED c Q
: ; � ' ��<=�() 0 �(service curve)	Qz
y��() * +a<=�Pyun [13] > �û ü �C
SCED	ú �ý Pû ü �() 0 ���C R S � þ
�() 0 ��() 0 �> �$ &J � �(network 
calculus)��<5³ �() 0 �� � � ��C � �
� � 	/á� � � � � ¤¶ J Ò x ( ª ] ^s� � 	

 e s� � Â Ê )�J � � � Z � � b
 � ��()



0 � 
 � � ü � /�� � y Cruz � � �[7]a �
�	
 �a � 	Parekh [11, 12]È� �7 () 0 ��
� � �Cruz [7]P/��() 0 �ô Parekh P/�
� � º _ � 	Q5 � 6 � 	Parekh�() 0 ���
C � 	6 Cruz���C 5�$ &J � �H� � � �
� � @ Cruz �� � [5, 6]	 � m ��/�H�� «
ë � Boudec [9]	 Boudec [9, 10] X � �  
(convolution)/$ &J � �! � � 	" à# m $ % &
� WHC 3 4 � ' y ( Û [4]� 

) * + �() 0 �W�1 , () * +��C


 � 3 4 	Î @() * +��<	� : ; () 0 �

�8 9 . � W�� ! " # $ &�<��C � �

. � �[13, 14]� - � � . 
 � ¤���� � � � 3
/ c Q/� Firoiu [8]P� ��3 � â D E F
G� [8]Pû ü � ò ó �r�� � 
 t u� v
(piecewise linear)w x ayz9 L (arrival process)j
{(envelope)	�<=¨ �\à] ^�0 1 2	$ &
�3 c Q 4 � V �5����Firoiu P/��� �
�	�V ) * ù a�L M �	5=\� ] ^U© 6

7 L =�� �8	9 =� \� 8�6���	) *

W� ��C 5�3 �	ù �YO �	V ��X �Y

O 3 4 =�� �8	9 : � \� 8�H� 3 4 è �

ç Z E F G	bc Q � ; [ =�\� ] ^� 
� � ��< ¡ ª 2�,�÷ � = () * +s(

) 0 �s$ &J � �sSCED ¤��� � � � aõ
> ô�<v �,?÷ ë� � @ A L M �	è B� C

� D Â p q �, E ÷ = F ) * � ��YO �	è J

� � E F G�\¿�÷ ë� < � � 
 
2.  ! " # $ ! " # $ ! " # $ ! " # $ %%%% 
 

�������� � � �� � �� � �� � � 
A(t): 5��ayz9 L j{� 
F(t): c �w x (availability function)� 
|E|: GH £ EPI J K a�x � 
{E}i: GH £ E n �, i�J K � 
F−i:å f�t u�v w x U	G, i��uaL w x � 
Λf: fP
 �M(concave)ø�H £ � 
Vf: fP
 2M(convex)ø�H £ 	N'(0+) > 0	ëO
øê? �2Mø� 
Wf: fP
 ì P (I 2M¤�M)ø�H£ � 
m: F(t)2Mø�x Q 	È m = |VF|� 
vi: F(t)�, i�2Mø	1 ≤ i ≤ |VF| + 1	È vi = 
{VF}i	� n v1 = 0	b R vm+1 = ∞� 
n: A(t)ì P ø�x Q 	È n = |WA|� 
 

�[8] n P/�� � � �r$ &� S ¹ () [
�	��ayz9 L j{�t u�v w x [8, ¹ º
�]	T U EDFa8 9 �[8]\¿� �a� � �[8, Fig. 
7]	�QL M 3 4 6 = mx	9 = mz	V �V ù �L

M �	�÷ WW <L M �	è B[8] n ��o p q X
Ql m �Y 6 ¹ º § Z @G�	è WL M �/�R

S 4 [ 9 4 « \� ] �1 ] �̂ �	� n /�H -

� � § Z : _ O��§ Z � 
 

 
5 ` ¶ P
 yz9 L j{�t u�v w x 	P

Q$ &c �w x k �t u�v w x 	å��� yz

9 L j{ Aa5��a $ &b =() U	L M �Õ
< 7 c Q2E �4 ³ [8, (15)-(16)]  J � $ &P�
� ' �\D ] ^ dmin	N dmin � @Ä @5��<=

�\à] ^	ëV ��c Q d e � 
 
 dmin = max(mx, mz) (1) 
 
 mx = max{u − A−1(F(u)): u ∈ VF} (2) 
 
 mz = max{F~1(A(a)) − a: a ∈ ΛA, 
                   A(a) ∈ (F(ua,left), F(ua,right)) (3) 
 
� n [8, (13)-(14)] 
 
 ua,left = max{x: x ≤ mx + a, x ∈ {vi: 1 ≤ i ≤ m}} (4) 
 
 ua,right = min{x: x > mx + a, 
                      x ∈ {vi: 2 ≤ i ≤ m + 1}} (5) 
 
vm+1 ≡ ∞¤ F~1 � F a f L w x (pseudo inverse 
function)	5� F _ �¹ ��B�w x 	PQ F~1

���H£ 	Gg h [8, (6)] 
 
 F~1(y) = {x: F(x) = y} (6) 
 
h i �V l j 7 (4)¤(5)H £ f x c � �¸ k 	�
ua,left 6\	� 8 _ c � D @ 0 ¤ l @\à�2M
ø	È_ c � D @ v1¤ l @ vm�� Æ 	� ua,right6

\	� 8 _ c � D @ v2 ¤ l @ vm+1�X �4 ³

(1)-(3)	 h i Q9 4 c Q m � � ] � j ] L M �@
^ �n �� n �Oë�¹ o � Fô A 4 p øQq =
� Aa o r � 	È dmin�V C ] �W> � ��2�

÷ YO ���7 D E F G� s V 	F(VF)�Î � yà
8 L ¿aH £ 	b� B� �Ue H £ G� TF�¤O

 �8 L Ua o t u v H £ Q IGg �¹ º H£ Θ	
� n J K � E w � (triplet)	È 
 
 {Θ}i = ({I}i, {WF}i, {F(VF)}i) (7) 
 
Θ _ ú x y F(t)�w x 8	bz x y B� � t8¤G
g � F 0 ��, { �2Mø� u v �| ª 	\� �
2Mø� F 0 ��, } �2Mø	� ~ � �(30, 
123)	ë{Θ}1 = (5, 30, 123)	ÈÉ � w Q � x 2M
ø�O  o t u v ¤ ~ � � 

^ ��= mxU	i� 2��	5� i = 1U� F
aOø	_ c � � Fô Aa 4 p ø�jë��Q¹
o 4 p øP� o t �? @ A �, { ��u�= mz

U	i� 1��	5 Aa�Møc Qô FOø¿a
� � 1 h 4 p ø�kG Aa�MøaL Z 	� 1�
��a� kB� �Møa � � ~ � �lë�¹ o 4 p



øP� o t �? @ F V �M	 � �, { ��u�á
� l	q c �4 p ø� F�, j + l − 1u	ëc � 4
/�L w x =á4 p ø� Fa � � ~ � � 
 
mx =0; 
for i = 2 to m //Move the pointer of Θ 
{  //Move the pointer of WA 
   j = max{k: A(ak) < {F(VF)}i}; 
   mx = max(mx, {TF}i − ))}(({1

iFj VFA− ); 
} 
 
mz =0; 
k = 1; 
a = {ΛA}k; 
for i = 1 to m //Move the pointer of Θ 
{  j = {I}i; 
   E = ΛF ∩ [vj, vj+1); 
   do while (F(vj+1) ≤ A(a) < F(vj+1)) 
   {  if (vj ≤ mx + a < vj+1) 
      //Move the pointer of E  
      l = max{p: F({E}p) < A(a)}  
      mz = max(mz, F−(j+l−1)(A(a)) − a); 
      k++; //Move the pointer of ΛA 
      a = {ΛA}k; 
   } 
} 
dmin = max(mx, mz); 
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�[8] n 
 { � � ��§ Z p q 	� Õ <�p q
 ��, 562 � � � ,� O �� rIt is easy to show 
that only the concave points of F and convex points of 

*
fA  impose constraints on the position of *

fA . m Í

 � � m � � ¢ �� � ��� � F �2Mø¤ *
fA

�Mø � ��H> /áa¿P
 4 ³ ¤� � �Ñ õ

§ Z �p q 	{ � P
 � � cx
FX s cv

A f
X * ¤

cx
FX̂ Ö Â é

q 8� cv
FX s cx

A f
X * ¤

cvX̂ 	 | ª �[8, (11)-(16)]��

���� � �¤4 ³ n l m 7 Ho p q 	��P/

��§ Z Â é � VF¤ΛA : _
cx
FX ¤ cv

A f
X *	/� V¤

Λ Â é Gg 2M¤�MR /� cx¤ cv  á " � ��

j h i �/�H £ cx
FX̂ 	5H�H £ è � � B©

<	��/� vj _ G F, j�2Mø� 

9 � 	�[8, Appendix C]n =L M �aE F G
U	�,?u,? O p t concave¤ convex6ÚÛ
�o p q �Q2�[8, p.568]�p q l m r�,?u
�¿ � = mzU	P
 �

cv
FX ¤ cx

A f
X * � Â é j �

cx
FX

¤ cv

A f
X * 	� U�E F G�Gg �n K1¤ K2 Ö © B

�	È C � � x , 9 O a O(K2N+K2) = O(K2N)¤ �
x , 3 O a O(K1N) � Â é � m � O(K1N+K1) = 
O(K1N)¤ O(K2N)� 

�V i 7 l m �� ¤§ Z p q j	k l m ��

� � ��p q ¤� � �� � � ��,?un B�	

F w x a2(�)Mø�P
 ���(2)Mø� �
H	� � 6\�B�	
 
 o } | ë� ª V �T U

¨ �U � a F w x 	è �V U� � ¨ �� yz9 L
j{� A�5��Z ¾ () 	V U5� FWÄ @ �
� F � i A� � N� � Fô A� t = aUÖ ��M
ø	b F(a+) = α, F(a−) = β, A(a+) = γ, A(a−) = θ, α − γ 
> β − θ	ëO Aa�Mø	�5� F   ��Mø6
� 2Mø	� Æ � A�2Møè _ �¹ �5� F�
�Mø�Ho } | � y ��	ú �BE F G�Ç x

è � � �	PQ FP ¡ ��E F G   �m Í���
j � � �D Â �	F �ìP øm Í6\� � a � Y
r ¿ayz9 L j{P¢ � 	6� Oyz9 L j{

Pð ¹ 	> 5a � Y r W/áyz9 L aj{! �

�2Mø� 

V j��> W � Ì Í £ Gg �	åyz9 Gj

{a�u�x ¤ ¥ Ç x 
 é aU	m Í�E F G�

�ª » �Ã ¦ [8, Appendix C]�=�	/�8 L K
� F(VF)	¥ @WA	5� A� � § ¨ ç w x 	PQ
© �8 L K ���= mxU	/�� �B� Â é Ba

Θ¤ WA	 7 L � N 	� © ª ì�ë= mxaE F G

� O(|VF| + |WA|) = O(m + n)��= mzU	� � /�

� �B� Â é Ba ΛA¤Θ	 7 L � N 	� © ª ì�
H� áyE F G O(|ΛA| + m)�k /���B� Ba
E = ΛF ∩ [vj, vj+1)	å « y ¬ å� vjU	Ba EaB
� ��� N 	� yPB F�Mø�� @b\ 4 [ m
� ­ ® � A a�Mø	V UG4 p øo @V F �
u�N2��£ § ¯ µ � a8  �[vj, vj+1)	ëB�
W ° ± � N 	� © ª ì��\¥ � 0 1 2	É � vj

b[vj, vj+1) 	 e f É ��u. < ² O � ³ 	È FP

�u . z ² O �³ 	6�ux Ä @ìP øx 	V P

© E F G� O(|WF|)�\¿= mz�E F G� O(|ΛA| + 
m + |WF|)	6¢ �� � ��E F Gë� O(m + n 
+|ΛA| + m + |WF|) = O(n + |WF|)	È Fô AP
 ì P
ø�± �NP
 N�yz9 L aj{�ì P øx Q
Ç x Ö � K	ëE F GÈª [8]P=a O(KN)� 

 
3. ����� � � � � � � 	 
� � � � � � � 	 
� � � � � � � 	 
� � � � � � � 	 
  
 

X ����<�5� ´ 	h i c Q� µ [8]E F
G� O(K2N)a� � �[8, Fig. 5]	/aôL M �� 

Ñ � aE F GÄ Ç 	b¶ c X �YO · � �3 4 	

/a�=\� ] ^�J � �S � ; [ ¸U� 
5�� � ��X �YO 3 4 � UN O mxô my 

[8, (10)-(12)]aJ � 	V ù �YO �	� n mxa=

�ôL M ��� 	6 mya=�� © 6 =� mxÈc

¹ e N O 	b5����<�5� ´ ( � 2�u)/
áE F GôL M �Ñ � � 

º�1 2 V �<a5� ´ �my�=��X �y

z9 L aj{ Aa�Møôc �w x F 4 p 	è /
áyz9 L j{» D �c �w x Fa2 3 �5�y



z9 L aj{ A � � § ¨ ç w x 	̀ ¶ A � r my

¿	� �Møô Fa 4 p ø� t = τ	B@P
 t > τ
W� � � F(t) > F(τ)�N� ª V 	̀ ¶ � t = γ > τ 
U	F(γ) < F(τ)	ë5 F(τ) = A(τ + my) < A(γ + my)	
/á F(γ) < A(γ + my)	Èyz9 L j{�c �w x
a�3 �Î @H� � ´ 	 ) * á�4 p ø�¹ � F
¨ �2Mø Pa¿��u	b 4 p ø�l G_ á l
@ P � ¼ P
 �2Mø	½� <D @ � ¼ \D 2M
øbV 2Mø l G� ¹ l @2Mø Pa l G��\
Q ¾ a	 4 p øal GW= @¨ �2Møa l Gô

� � ¼ \D 2Mø l Gae �¿

¿

mx =0; 
for i = 2 to m //Move the pointer of Θ 
{  //Move the pointer of WA 
   j = max{k: A(ak) < {F(VF)}i}; 
   mx = max(mx, {TF}i − A−j({F(VF)}i)); 
} 
 
my =0; 
q = 1; 
a = {ΛA}q; 
i =0; 
v' = 0; 
do while (v' ≤ max{F(VF)}) 
{  k = min{j: {I}j > i}; //Move the pointer of Θ  
   v" = {F(VF)}k; 
   E = ΛF ∩ [v', v"); 
   do while (a ≤ max{ΛA} and A(a) < v") 
   {  q++; //Move the pointer of ΛA 
      a = {ΛA}q; 
      //Move the pointer of E 
      l= max{p: {E}p < A(a)}; 
      my = max(my, F−(i+l−1)(A(a))− a); 
   } 
   i = k; 
   v' = v"; 
} 
 
dmin = max(mx, my); 
 

� �� �� �� �  � � � � 
� � � � 
� � � � 
� � � � 
  
¿

YO ��· � 9 L 1 , � ^ ?� ^ ?= mx �

ô ^ �Ñ � ��= myëÃ ¦ @L M ��= mz	\

à_ � �@� © 6 =� mxÈc � 4 = my�� � /

�� �B� Â é Ba ΛA¤Θ	7 L � N 	� © ª ì�
YO �/� while � À 	6� L M �n � for � À 	
5�è � P
 F�2Mø . © < ­ ® 	� F,��
2Mø(ÈOø	> �8 L ¿�,��2Mø)�
�	É ³ Á Â 2��© <­ ® a2MøU	� ¹ <

§ £ � 2 � ´ Pá	È© �V ³ 2Møa � ¼ 	b

<� � ¼ P
 2Møa\D � �5� F(VF) © Î �
yà8 L K 	 ` ¶ O2MøPB� �E w � �(i, γ, 
v')	åBa ΘaB� 7 L � N U	 ` ¶ B� PB�
E w � �(p, t, v)	V Uú © Ã � �35�2Mø�

3�O2Mø � ¼ Èc 	È p�3à@ iÈc �P
Q� � _ © < ­ ® y FP
 �2Mø�Í¹ � 2M
ø�8¿	4 Ä © Í¹ A� Å ��Møc � �4 p
ø	PQBa ΛA�B� 7 L � N 	By�É ��M

ø�8ô FPÍ¹ �� 2Mø8e ��MøH £ E
Æ R S 	Q¹ o �4 p øc � P�a�u	N¹ o

� 4 p øP� o t �? @ F V �M	 � �, l��
u	ë q c �4 p ø� F�, i + l − 1��u	\
¿c � 4 /�Lw x =á 4 p ø� Fa � � ~ � � 

N F ô A �4 p ø�¨ ��2Mø P a¿	
YO �� © ª � L M �­ ® Pô� Ç 4 �2Møa
e P
 �u(Q� � a� ø)	6ú © ­ ® Pô Pa
¿\� �2Møae ��u(Q È � a � ø)Èc 	
È ^ ? n v'ô v"ae �5� v'ô v"ae ��Mø�
É ç 8 L 	A > �É ç 8 L 	PQ� Â « 4 p øU
Ba �MøH £ E�B� k � © ª ì	PQ   �D
E F G�º�J � YO ��E F G	�= mxUôL

M �Ñ � 	PQ   � O(m + n)�= myU	Q\¥ �

0 1  Ê 	� �Â é Ba Θ¤ΛA�B� 	5� © ª

ì	PQ\¥ �E F G� O(|ΛA| + m)�6Í¹ ¨ �
F �2Mø¿	<Í¹ 4 p øP���u	\¥ �
0 1 ���V 2Mø ¥ 2��2Mø � P
 ��

uÖ ­ ® 	6\¥ 0 Ë �É ��2MøÖ © <ª V

­ ® 	PQ\¥ 0 1 W� O(|WF|)�5V = myaE

F G� O(|ΛA| + m + |WF|)	¢ # aE F G� O(n + 
|WF|)�< � �\¥ �0 1 2E F G�ôL M �Ñ � � 

�V � Ì � ø � Í YO �c QR L M � �

; =á\� ] ^�,�ø	L M �á 6 =� mx � �

N O mz aJ � 	6YO �c Q� UN O mx¤ mz

aJ � 	PQc ÷ ¸à � �Ue �,?ø	�2 �

=E F GU�Q\¥ �0 1  T � 	m % �	è �

P
 F�2Mø¤�u . © < ­ ® 	<­ ® �2M
ø	� � 6\�_ ! �	� F 0 �6\	­ ® g ¨
�2Mø¿	2��© <­ ® �2Mø� � Î 8\

� �2Mø	Hn e ( 
 c � Ï K � ! 2Mø��

j ­ ® �uU> è � ­ ® ¨ �2Møô� 2��

2Møe P
 ��u	6�ú ­ ® = @V 2Mø�

8y2��\� 2Mø�8ae ��uÈc 	H>

( 
 c � ú Ð � 2Møe �ux Q ��� D Â �P

Q¢ # 6\	YO ��\¥ 0 1 2WôL M �� Ñ

� E F G	
 � ² O �X �YO Å Æ �3 4 ¤Ñ K

� ! _ � <�2Mø¤�u	c Q÷ Ş ! Ue 6
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