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General Information

e The network calculus analyses presented in this document were created for the purpose of testing the Disco
Deterministic Network Calculator (DiscoDNC)! — an open-source deterministic network calculus tool developed
by the Distributed Computer Systems (DISCO) Lab at the University of Kaiserslautern.

e Naming of the individual network settings depicts the name of the according functional test for the DiscoDNC.
e The naming scheme used in this document is detailed in NetworkCalculus NamingScheme.pdf.

e Arrival bounds for PmooArrivalBound.java and analyses using them are listed only if results differ from
PbooArrivalBound_Concatenation. java.

Changelog:
Version 1.1 (2014-Dec-30):

e Streamlined the PMOO left-over latency T, 10-f computation.

eZe

e Adaption to naming scheme version 1.1.
Version 2.0 beta (2015-Jul-11):

e Rework of Arrival Bounds documentation
— Parameters: see DiscoDNC’s computeArrivalBounds( Server server, Set<Flow> flows to bound, Flow
flow of interest ).

— Bounding arrivals moved to the analysis requiring the specific bounds if they differ between flows of interest
(may cause duplication).

— The algebraic derivations is included within many tabular bounding procedures. They are adapted to
PbooArrivalBound_Concatenation. java, yet, in contrast to the current DiscoDNC code, they may reuse
known results.

e The naming scheme was slightly updated to include sets of servers S and sets of Flows F.
e Minor consistency fixes for variable names.
Version 2.0 beta2 (2017-Jun-25):

e Rework of the documentation according to code changes

— New, more complete naming.

— Separation of network and test.

Lhttp://disco.cs.uni-kl.de/index.php/projects/disco-dnc


http://disco.cs.uni-kl.de/index.php/projects/disco-dnc
http://disco.cs.uni-kl.de/index.php/projects/disco-dnc
http://disco.cs.uni-kl.de/
http://disco.cs.uni-kl.de/index.php/projects/disco-dnc

FF 4S 1SC 3F 1AC_ 3P Network

S = {80,81, 52,53} with
ﬁso = 651 = 652 = ﬁs;, = ﬁRsi,Tsi = 6207207 1€ {0, 1,2}
F = {fo, f1, f2} with

alo =alt =l = Yrtn pin = V5,25, 1 € {0,1,2}



FF 4S 1SC 3F 1AC 3P Test

Flow f

Total Flow Analysis

Arrival Bounds

’ (slv{fo},@) = a{;?

\ FIFO Multiplexing \ Arbitrary Multiplexing ‘

’ agtl’ = afo O ﬁ}q-o()-fo ‘
Oéf(ffo) = 70,0
lg.o.fo — 680 o Oéf(f())
R N = Boy = B20,20
= ﬁRL’S'fO,T;'OO'fO
T —
O[J:(l) = afo %) /B}s(?fo T‘S(lj _ a_fo5(Tl.o.)
= Fy {O,b{O
b | plo = 5.20+25
= 125
= = 75,125

(537 {fl} ) (Z)) = a{:é
(s1,{f2},0) = af?

Si

=: afn with (n,z7) € {(1,3),(2,1)}

FIFO Multiplexing

Arbitrary Multiplexing

’ ag‘y — ol o Bi-g-fn
o) = 75,25
+
R. — rw(.fn):| = 20—5
Lo.fn (fn ]_zl.o.fn |: S2 So
ﬁs;f = Bs, @a52(f ) 52 = 15
= BRb.;-fn,7T;éO~fn Bs; = bgf") By, = a:éfn)
Tlofu | 20-[t—20]" = 25 | 20-[t—20]" = 5-t425
2 t= 21 L t= 28 !
_ 4 _ 3
= = 515,21% = 515,28%
fn — fn Lo.fn T'fn = 5
aln = ol 0 p, 5
‘ 2 = aoln (TS{-O-fn,) = ol (T;o.fn )
= Vpfn pin iz 1 2
o bin = 5:21742 = 5:285+25
1 2
4 3
= = V5,131 = 75,1662




(s3,{fo},0) = afg \ FIFO Multiplexing \ Arbitrary Multiplexing

T ) R

53
(reuse of previous result)
= ofo o B}gﬁfo 1% 5(!10-160
— a{i’ % 5;101”0

a0 =afr = V51311 ‘ =al = V5,1662
+
l.o.fo |:Rsl - Tfl(fo):| = 20-5
Bt = B ooz | R 5
— 5R13.f.fg 7T51.10.fo By, = bil(fo) Bs, = afl(fo)
1 2
Tlofo | 20-[t —20]" = 1315 | 20-[t— 20" = 5-t+ 1663
51
9 7
t= 26— t= 37-
16 8
= = 515,26% = /315,371
afo = 75,125
fo —  fo o plo.fo rio =5
Ay a’® © le 3 — oo (Tl.o.jo) — o (Tl.o.jo)
”ero be 519 S1 S1 751
535 53
= 5-26— +12 = 5-37-+12
b£§ 5 616+ 5 5378+ 5
13 8
5716 3 39
= = Ts,25718 = 75,3138




Analysis

TFA FIFO Multiplexing ‘ Arbitrary Multiplexing
Qs = (1{8 = 75,25
S0 FIFO per micro flow
680 = bso
s 2-[t—20" = 25 Pro = bao
D3 . 2-[t—20]" = 25
t= 21- 1
4 t= 211
B s, (Tsy) = 20-5+25
so = 125
= ozf‘l) + oz{f = osz + osz
s, = 75125 + V51311 = 75,125 T 75,1662
51 = V10,2561 = V10,2912
/851 = bsl BS1 = Oésl
1 2
Do 20- [t —20]" = 256 20-[t—20]" = 10-t+ 2015
51
13 1
t= 32— t= 69—
16 I 26
as, (To) = 10-20 4256 | ay, (To,) = 10-20 42015
Bfo
51 1 2
= 456 — = 491—
4 3
= az; +ol; = afj + o]
Qsy V525712 + V5,1311 = 75,3138 T V5,1662
53 = 710,389 1 = V10,4808
583 = ng 583 = a33
1 5
Dio 20- [t —20]" = 389 20-[t—20" = 10-t+ 4805
s3
29 )
t= 39— t= 88—
64 I gO
sy (Tsy) = 10-204+389— | as, (Ts,) = 10-20+480—
Bfo 116 g
S3
= 589 — = 680—
16 9
— > — >
Do i={0,1,3} i={0,1,3}
33 17
= 93> - 178 =
64 36
= | max }B£° = nax }B{O
i={0,1,3} i={0,1,3}
f 1y Rt
. = 589 L = 6805
_ 16 _ 9




Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds

(SSa {fl} ’ fo) = Oé{:;’
(s1,{f2}, fo) = af2 FIFO Multiplexing Arbitrary Multiplexing
= ofr with (n,i) € {(1,3),(2,1)}
’ af? = oo Bi'f'f"
aiQ(f") = 75,25
Lo.s {Rz—rx(f")]+— 20— 5
lLo.fn _ z(fn RO Jn s 52
532 fn = Bs. @a52(f ) 52 — 15
= ﬂRls.;,fn _’T;.zo.fn 552 — bzz(fn) 552 _ a§§f“)
Tlofu | 20-[t—20]" = 25 | 20-[t—20]" = 5-t425
> 1 1
t= 21— t= 28—
4 3
= = 515,21% = 615,28%
fn — o fn o glofn rin =5
ol = ol o p, 5
2 = ol (T5°7) = o (T°7)
Trdn pin 1 1
pfn = 5-211—1-25 = 5-28§+25
' 1 2
= 131~ = 166—
4 3
= = 75,1311 = 75,1662
Remark:

In this network Setting7 we have (837 {fl} ) fU) = (837 {fl} ’ (Z)) and (817 {f2} ) fO) = (817 {f2} ) (Z)) because
neither (cross-)flow fi nor fo interferes with the flow of interest fy on multiple consecutive hops.



Analyses

SFA FIFO Multiplexing ‘ Arbitrary Multiplexing
S0 ai{f‘m = 70,0
BLofo = By, © st = B20,20
o) =al = V51311 ‘ =aft = 75,1662
51 1 R, - r?<f0>r — 20-5
gt = g eazte) | B ) 5
= ﬁ .o. .o. T — &z
RLoJo rlo-do Bs, bsl(fO) Bs; = asl(fo)
1 2
Tlo.fo 20- [t —20]" = 1315 20-[t—20]" = 5-t+ 166
S1
9 7
t= 26— t= 37—
16 9
= — P15,26 2 = 515,37%
z(fo) — 1 — = ol =
Qsg = Qg3 = U5,1311 = Qg3 = 75,1662
5 Loufo Ry =720 "= 20-5
bofo = B o atlo) | Ry _ 15
= BRL;;-foyTsl.;»fo Bss b;cs(fo) Bs, = afg(_fo)
1 2
Lo fo 20- [t —20)" = 1315 20-[t—20" = 5-t+ 166
83
9 7
t= 26— t= -
6 16 37g
= = B15,26% = 515,375
— 5}90 fo — 5;9-1‘0
ﬁl.o.fo _ ﬂ _7® g _7® i
(sos1,89) = PRS0 pledo =L =0
(s0:51,83)" (50,51,53)
- 515,73% - 515,953
To.f. _ bi Lo.f _ f
5<50,501 s3) bre ﬂ<80~,501,83> = b®
1" 517
Do 15 {t - 738} = 25 15 - {t - 959] = 25
19 2
t= T4— t= 97—
124 59
ofo (Tiole )= 5135425 | oo (Ti0h )= 5952 425
Bf() 50,51,83 8 50,5153 9
5 7
= 390= = 502—
8 9




PMOO

Arbitrary Multiplexing

] a;EO(fo) _
0 aﬁfo) 0,0
aff(fo) t
51 afi(fo) = Qs = 75,1662
JC(fo)
Qg _
53 afzf") = Q53 = V51662
= /\ (RS‘ _Tg?(fo))
l.o.fo 1€{0,1,3}
52:)'{0 s3) BRl.o-fo le-fo foosnoa) (20 N 5) A (20 B 5) A (20 B 5)
20,721,938 (50,51,53)7" (s0,51,83) _ 15
D R e —
) 4 R .0.fo
1€{0,1,3} e2e
0+0-20 1662 + 5 - 20 1662 + 5 - 20
Lo.fo 204 2 gy OB TOTT gy O TN
(50,51,53) 15 15 15 )
60+ 2005
15
5
95§
= = »315,953
Tofo  —  ph
/8<807301~,83> - b ’
51+
Do 15 - [t - 959} = 2
2
t= 97—
59
oF (Tiote )= 5952 +25
Bfo 0,551,583 9

7
= 2—
50 g




Flow fl

Total

Flow Analysis

Arrival Bounds

(s3,{/1}.0) = of}
(s1,{f2},0) = al? FIFO Multiplexing Arbitrary Multiplexing
=t afr with (n,i) € {(1,3),(2,1)}
’ a;n — er @/Blofn
a?ﬁf") = 5,25
Ry, — 1] = 20-5
lodn = g oazt) | BT { ST _ 15
= BRE.;-fnﬂT;é0~fn Bs, = bgsEQ(f") B, = Og?(fn)
Tlofu | 20-[t—20]" = 25 [ 20-[t—20]" = 5-t+25
2 t= 21 1 t= 28 L
_ 4 _ 3
= = 515,2% = 515,28%
fn — fn Lo.fn TfTL == 5
alr = @ Bs, 5
Si - T.0.Jn _ n L.o.fn
_ = = D
Tsi s 1 1
n = 5-21-+25 = 5-280+25
ok g 37
1 2
4 3
= = 75,1311 = 75,1662
’ (s3,{fo},0) = al° | FIFO Multiplexing |  Arbitrary Multiplexing
’ aéfg = aop (BIOfo ® ﬁlo fo)
I(fO) = 70,0
rofo = 5 S o) ’
= ﬂRLo.fO’Ti,DO.fO - Bso - 620,20
) = a2 = 751311 ‘ = af? = 751662
|y, — 72| T_ 20-5
s1 — Ty = -
iofo— B, eattf | BF Lo -
= BRL‘f'fO,T.lf'fU Bs, = bz‘l(fo) B, = ’»Svl(fo)
1 2
Tlo.fo | 20- [t — 20" = 1317 | 20 [t - 201" = 5-t+ 166
s1
9 7
t= 26— t= 37—
16 8
= - ﬂ15,26% - 515,375
Lo fo Lo.fo _ plo.fo B20,20 ® B1s,26 5 B20,20 ® 15,377
680 & ﬂsl - /8<30781> — ﬁ 9 — ﬁ .
15,46 % 15,571
Jo —
i =5
oy = ol o (B @ hoh) = o (7)) = ok (TR)
S1 50,51 S1 50,81
blo — 5462 425 — 5570 195
5 B 16 B 8
13 8
= 257 — = 313-
16 9
= = Vs,25718 = 75,3138

Remark:
PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java
because fy does not have cross-traffic interfering on multiple consecutive hops.




Analysis

TFA FIFO Multiplexing ‘ Arbitrary Multiplexing
= al'+al
g, ¥s5,25 + V5,25
52 = 710,50
st - b82 652 = Ay
t= 22% t= 45
ah s, (15,) = 20-10+50
> = 250
= az; +ol; = az; +o;
Qgq V5,25712 T V5,1311 75,3138 + 75,1662
53 = 710,389 = 10,4803
583 = bS3 533 = a83
1 5
Dh 20- [t —20]" = 389 20-[t—20" = 10-t+ 4805
53
29 5
t= 39@ i t= 885%*0
sy (Ts,) = 10-20 + 389— s, (Ts,) = 10-20+ 480—
B 116 55)
s3
= 589 — = 680—
16 9
3 3
- >0 - Yo
DN i=2 i=2
61 5
= 61— = 185—
64 9
= rr%ax} Bg,l = rr%ax} B!_l
i={2,3 ’ i={2,3 ¢
f 9 k]
o = 589 L = 6805
_ 16 _ 9




Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds

| (s1,{f2},0) = ol |

FIFO Multiplexing ‘

Arbitrary Multiplexing ‘

’ afg — Ozf2 o 51.0.]"2 ‘
S1 S2
ai;(f?) = V5,25
[R z(f2) * 20— 5
Lo. fn s2 — Ts } = -
BLQOJCQ = B0 ai(fz) Rszo f 2 ) -
= Prigr s By = b2 B = il
Tlofa | 20+ [t —20]" = 25 [ 20-[t—20]" = 5-t425
S2
1 1
t= 21— t= 28—
4 3
= = 515,21% = 515,28§
alz = of2 g glofz rfz =5
S$1 S2 — an (T],o,f2> _ Oéf2 (Tl.o.fz)
7T£2)b£2 182 132
= 5.21-+2 = 5.28-+2
biff 5 1 + 25 5 83 + 25
= 131 L = 1662
_ 4 _ 3
= = ¥5,1311 = 75,1662
s3,{fo},0) = ol FIFO Multiplexin Arbitrary Multiplexin
| (s3, {fo} ! plexing y plexing
’ afo — afo o (ﬁl.o.fo Q Bl.(xfo)
S S0 S1
a§§f°) = 70,0
l.o. T
ﬂso fo — Bsy © asﬂ(fo)
= B0y slof :5502520,20
RigJo Tl Jo
o) =al = V5,1311 ‘ =al = 75,1662
Lo [Rsl - Tf(fo)} T 20-5
phofo = B, ©astfo) | B 1 15
= 5Ri'f'f°,Tif‘f0 Bsy = U0 Bs, = a0
1 2
Tlo.fo | 20- [t — 20" = 1315 | 20 [t - 200" = 5-t+ 1663
S1
9 7
t= 26— t= 37
16 8
- - 515,26% - 515,37%
Lowfo g ghofo _ ghodo B2020 ® Prs.24; = Pro20®Pisgrz
/680 X 651 - /6<30151> — 5 9 = ﬂ 7
15,462 15,57%
r{g =5
a£0 =aofop (Bi'o'fo ® ﬂ}g.o.fo) — oo (Thofo —  gfo (Thofo
3 0 1 S1 <SQ,81> S1 <80781>
bfo = 5-463—&-25 = 5,57Z+25
- 16 - 8
13 8
= 257— = 313-
16 9
= = Vs5,25718 = 75,3138

Remark:

PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java
because fy does not have cross-trafic interfering on multiple consecutive hops.




Analyses

SFA FIFO Multiplexing ‘ Arbitrary Multiplexing
. O(;(fl) =af2 = Y5.25
2 Lo. T
[332 i — Bs, © as2(f1)
= Boross o =fis 211 = 515,25%
Ry TN
o) = afs = V5,25712 ‘ = 75,3138
R 2] = 905
83 ° = lo.f [ s3 — Ts :| = -
i'svfl = /333@0%3(1”1) R 3 = 15
= Bgion plon Bs, bz Bss = atm
13 8
Tlo.fi 20- [t — 20" = 25716 20 - [t —20]" = 5-t+3135
s3
57 16
t= 32— = 47—
64 27
= = 515,32% = 515,47;—5
3 3
_ l.o.f1 _ lo.f1
Lo.f1  _ - ®ﬁsl - ®Bs,
B<82 s3) ﬂRl'o'f1 l-o-f1 i=2 i=2
’ (s2,53)°" (s2,s3)
= 515,54% = Bis.z %
To.f1 _ F Lo.fi _ f
ﬁ<52,513) - b7 6<827513> - b7
91" 251"
f 15 [t—54—| = 25 15-|t—75—| = 25
b [ 64] [ 27}
155 16
t= 55— t= T1—
5 192 - 27
aft (Tg-?-f}>) = 5-54— +25 | alt (Tg-?-f}>) = 57522425
Bfl $2,83 04 i 52,83 27 17
= 295— = 404—
64 27
PMOO \ Arbitrary Multiplexing
z(f1)
Qs
z(f1)
(&%)
53 =) = afl = 753138
sy
= /\ (RS _ r;f‘_(fl))
lo.f1 i€{2,3}
Bl'o‘fl = lof, Lo.fq (o) o (20 B 5) A (20 N 5)
(s2,83) R<52v53)’ (s2,s3) _
= 15
bfl(fl) + T.;(fl) . Ts-
Z Ts, + T !
i R .0.f1
i€{2,3} e2e
25+ 520 3138 +5-20
Lo. f1 20++7+20+97
(s2,83) 15
10 5388
15
25
75—
27
= 515,75%
Lo.fi  _ f1
Bloasy = b
2577
! 15-[t—Th—| = 25
pr o
16
t= T71—
- 27
o (Ti0 0 ) = 57522 425
Bfl 2,83 27 I
= 404 —
27




Flow f2

Total Flow Analysis

Arrival Bounds

’ (81’{f0},®) = agtl)

‘ FIFO Multiplexing ‘ Arbitrary Multiplexing ‘

|

afo = afo g plodo

|

Oéirg'fo) = 70,0
Bi.;‘fo - 580 © O‘f;éfo) = Bso = 520,20
fo — o o glofo | TI0 =5
Ofsl (67 @ ﬁSD 1 - afo (T[.O.)
= Yy-fo pfo 5o
v plo = 5-20+25
125
= = 75,125
S1,1f2},0) = al? ultiplexing rbitrary Multiplexing
0 P2 FIFO Multiplexi Arbi Multiplexi
’ alz = o2 1) Bl-o-fz ‘
S1 S92
a§§f2> alt = Ys5,25
+
z(f2) _
. (R, =12l = 205
tofs = B, 0020 | BT L
= ﬂRL-;.fz’Ti.;-fQ B, = b;cz)(fz) Bs, = O[i)(fz)
Tlofs | 20-[t—20]" = 25| 20-[t—20]" = 5-t425
S2
1 1
t= 21— t= 28—
4 3
= = 515 211 = 515,28§
f2 — f2 Lo.f2 7’£2 =5
o= et ol ’ = o (TF) = o (TR
Y d2 pio 152 152
s1Ys7
pl= = 5-2114—25 = 5-28§+25
1 2
= 131- = 166 -
4 3
= = V51311 = 75,1662




Analysis

TFA FIFO Multiplexing ‘ Arbitrary Multiplexing
— alt + al?
g, = 75,25 + V5,25
52 = 710,50
st - b52 652 = As,y
t= 22% t= 45
ar s, (15,) = 20-10+ 50
°2 = 250
= ol+a = ol+a
sy = 5,125 T V51312 = 75,125 T V51662
51 = 10,2561 = 10,2012
581 = b81 ﬂsl = asl
1 2
D 20- [t —20]" = 256 20-[t—20" = 10-t+ 2913
51
= 32 13 t= 69 L
16 _ 56
; as, (Ts,) = 10-20+ 2561 as, (Ts,) = 10-20+ 291§
B 2
S1 1 2
= 456— = 491—
4 3
2 2
D72 i=1 i=1
5 1
= 55— = 114—
16 6
= H%ax} Bg? = n%ax} Bg?
i={1,2 ‘ i={1,2 ¢
f t) ’
. = 456 L = 491 2
_ 4 _ 3




Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds

’ (817{f0}7f2)

—. ~Jo
= af’

‘ FIFO Multiplexing ‘ Arbitrary Multiplexing ‘

’ afo =alv g plodo

|

aw(fo) =700
S0 _ 5
Bl o-fo — ﬂso © aiféfO) = ﬂso = ﬁ20,20
r;‘;’ =5
aft =l @ BT =710 10 = o (T17)
blo = 5-20+25
= 125
= = 75,125
Analyses
’ SFA FIFO Multiplexing \ Arbitrary Multiplexing
s asz(fQ) =alt =595
2 lo.fz — w(fl) _ _
Bsy 2 = Bsy © s = Pi5,211 = Pis,281
R =al’ = 5195
s E e
! 510 2= B .o o=(f2) R};lo'fz o st
S1 £
= 15
= 6R1§ff'f27Ti.l0-f2 651 bSl 5 = am(fz)
+ ° 51
Tho-f2 20 [t —20]" = 1215 20-[t—20]" = 5-t+125
t= 26— t= 35
4
— = 515 261 = 515 35
_ Lo.f2 _ l.o.f2
Lo.f = ® Bs, = ®ﬁ
ﬁ<82,821 ﬂRz;ffl) <l:2f*21) =1 =1
= Bisari - Prs 631
Lo.
ﬂe2ef2 — bf2 5é20€f2 — bfz
+ +
3
1
1 6 1
af (ng;‘ﬁ) = 5-47>+25 | of (T;;;ﬁ) = 5-63>+25
B/ S Sy
= 262= = 341
2 3




PMOO

Arbitrary Multiplexing

z(f2)
Qs
S9 a_»si:(fQ) =alt = ;595
z(f2)
Asy — ofo —
S = =« =
1 agl(fz) 51— 5,125
= /\ (RS. —T?_(fz))
Lo fa ie{2,1}
B = Brros qoss |00 = (0-5n@0-5)
251 (s2,51)77 (s2,81) —
= 15
bf_(f2) Z_(J‘é) T
> (mos B
N R~0~f2
i€{2,1} e2e
254+5-20 125+ 5-20
L.o.fo 20++7+20++7
s200) o . 350
4 -
0+ 5
631
3
= = 515,63§
Lo.fa _ f:
ﬁ(827521> = b7
11+
D/ 15 [t— 633} = 25
t= 65
1
of (T(0f2)) = 5635 +25
Bf2 ot 3

2
= 341-
3




FF 4S 1SC 4F 1AC 4P Network

S = {s0, 51, 52,83} with
Bso = Bs, = Bs, = ﬁss = BRSI,TSI. = 520720, 1€ {O, 1,273}
F = {fo, f1, fo, f3} with

a =50 ptn = 75,25, 1 € {0,1,2,3}



FF 4S 1SC 4F 1AC 4P Test

Arrival Bounds

oS
= afr

with (n,4) € {(3,:0

),(2,1),(1,3)}

(s0,{fs},0) = CY;S
E:: g‘;i 7 8% - Zzg FIFO Multiplexing Arbitrary Multiplexing

azzgfn) = 5,25 + V5,25 = 710,50
: F
Lo.fn |:Rsz - Tl(f")] = 20-5
5}9.20.fn = b5, 0 a®(fn) R52 B 15
= PRl Buy = U B= ot
. + 52
Lot 20-[t—20]" = 50 20- [t —20]" = 10-¢+50
t = 221 t = 45
2
= = 610’22% = 510,45
ol = af o gLt rin =5
o bin ol (TEP77) =5.225 +25 =1375 | ol (TL27") =545+ 25 = 250
B eyl = = ¥5,1371 = 75,250
’ (s3,{fo}.0) =al° FIFO Multiplexing \ Arbitrary Multiplexing
’ af(ll = oJo %) /B;;-fo
afo =alo = V5,25
OéséfO) =alt = Vs,1371 ‘ = afs = 75,250
TF
Ry, — =) = 20 -5
B = o arty | R e
= Prigro g Byy = bEF) B,, = ozt
Tlo-fo 20 - [t —20]" = 1375 20-[t—20]" = 5-t+250
S0
1
7 _
- - /815,26% - 515,43%
afo = afo g pLofo rfo =5
51 T.o. — 7 — 3 To. — T — 2
N blo [ alo (T5°70) =5-264 +25 =1595 [ ofo (Th07°0) =5-43% +25 = 2412
737 5057 = = 75,1592 = V52412
(s3.{fo},0) =al° ‘ FIFO Multiplexing ‘ Arbitrary Multiplexing
ot = ol o (Bl e Aol
(reuse of previous result)
— O[fo % Bl.o.fo o ﬂl.o.fg
— @ 61 .0.fo
’ afo = 75,1593 ‘ = 75,2412
o) = al? = 51371 ‘ = af} =550
{R r(fo)rr - 20—5
Boi = g, watti | AP S B
= ﬁ Lo.fg rl.o.f T —
RS] O)Tgl ? /631 = bSl(fO) 581 = afl(f())
1
Tlo.fo 20- [t —20]" = 1375 20-[t—20" = 5-t+ 250
S1
1
7 t= 43
t=  26= -
3 3
= = 515,261 = 515,431
ofo = afo @ glo-fo rfo =5
S3 St To. — 7 3 _— 3 T.o. — T Z _ T
oo ol bl of0 (T1070) =5-268 41592 = 2932 | ofo (T1°7°) =5-433 + 2412 = 4582
3305 = = 75,2033 = 75,4581




(s3,{f3}.0) =al | FIFO Multiplexing | Arbitrary Multiplexing
PbooArrivalBound_Concatenation. java
O/J:; = afs %) (ﬁls;fs ® 6i§f3)
(reuse of previous result)
— afg @ Bl.o.fg @ /Bl.o.fg
_ 61 .0.f3
atlJ?) = afo = 5 55
+
. Ry, =73 = 205
ﬂl o.fs _ Bs, © aw(f3) R}ssh [ 0 so 5
= Priptaqtyss By = D" B = a7
Tlofs | 20-[t—20" = 25 20-[t—20" = 5-t4+25
S0
1 1
t= 21- t= 28—
4 3
= = 515,215 = 515,28§
als = 75,1371 ‘ = 5,250
fs — Lo.fs ris =5
Yo 0 @By ! = ol (T — ol (Tl o)
= RERRE Sol so 1 %0
53,
= 5-21- 4137 = 5-280-+2
b£§ 5 1 + 372 5 83 -+ 250
3 2
= 243- = 391 -
4 3
= = 75,2433 = 75,3912
PmooArrivalBound. java
f — o Lo.f.
afy =al> 0 B0,
agif?») _ alt + of2
52 Q7]
= Y525 + V5,95
a»SL(f?,) . i
%0 wo(fs.) = afo = 41950
SO
— /\ (Rs fa))
1<0f3 > i€{2,0}
Bioslon = Brioss goss | - A=)
2,50 2,50 — 10
bf(fs) + rm(fz) T,
= Z (TSi " Lo.f3
Lo.s i€{2,0} (s2,80)
o 50+ 10-20 25+5-20
(s2,50) = 92 - 19 L —
0+ 10 +20 + 10
1
= -
2
= = /310,775
rf; =5
_ l.o.f: - To.J3
oy = 0 5k = )
1
e = 5-T7T-+25
1
= 412—
2
= = V5,412




Flow fo

Total Flow Analysis

Analysis
TFA FIFO Multiplexing Arbitrary Multiplexing
PbooArrivalBound_Concatenation. java \ PmooArrivalBound. java
afg + ag‘g = (Jé{g + afg
Qs = 75,25 T V51374 = 5,25 + V5,250
50 = 710,1621 = 710,275
ﬁSU = bS() 580 = as[)
1
Do 20 [t —20]" = 162 20-[t—20]" = 10-t+275
S0
1
1 t= 67—
1
sh | O (Ts,) = 1020 +1627 gy (Tsy) = 10-20 4275
50 1 = 475
= 262—
2
= alo +al? = off +af?
Qg V5,1592 T V5,1371 = Ys5,2412 75,250
51 = 710,296 % = V10,4912
/881 = bsl /851 = asl
7 2
Do 20 [t —20]" = 206 20-[t—20]" = 10-t+ 4915
S1
27 1
t= 34— t= 89—
32 50
as, (To,) = 1020+ 296 as, (To) = 1020+ 4913
Bfo
51 7 2
= 496— = 691
8 3
= off toli+aly | = azg oy + o3 az; +of +a;
Qsg V52033 T V5,137 + V5,2433 | = V5,458 T V5,250 T V53012 V5,458% + 75,250 + V54121
53 = V15,675 | = V15,1100 = 715,11208
Bss = bsy Bss = s, Bz = 04553
Do 20-[t—20]" = 675 20t — 20" = 15-¢4 1100 | 20 [t—20]" = 15-¢+ 1120
S3
3 - 1
)
Bfo sy (T53) = 15-20+675 Asg (Ts3> = 15-204 1100 Qsy (TS3) = 15-20+ 11206
83 _ J— 5
= 975 = 1400 _ 14206
DPo Dl + DI + DI° = 11633 Do + Do + DJo = 4563 Do + DI + DJo = 4602
BJo max {Bf°, Bl*, B} =975 | max{BJ°, Bl°, Bl} =1400 | max {B]°, B>, Blv] = 14202




Separate Flow Analysis and PMOOQO Analysis
Analyses

PbooArrivalBound_Concatenation. java

’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
agt) =af} = 151371 ‘ = afl = 75,250
s Lo.f Rl.o.fo R. — z(fo) + =15
01 Beg?o = PBs© afgfs‘) s0 so — Tso =
— (Fo)
= BRL'S'fO,Ti'OO'fO 630 - b?o 01 ﬂso — aféfo)
Tlo.fo 20- [t —20]" = 1375 20- [t —20]" = 5-t4 250
S0
7 t= 131
= = 515,261 = 515,43%
as?) = afl =v51371 ‘ = o} = 75,250
l.o. fo z(fo) +
81 ;).fo = B,0 afl(fO) R~ [Rsl — Ts; w =15
— (o)
= BR}slf'fo’T;'lo'fo 631 - bsl 01 651 = Oé?l(f())
TV0-fo 20- [t —20]" = 1375 20-[t—20]" = 5-t+4 250
s1
1
7 t= 43
= = 515,261 = 515,43%
= afﬁ + afg = a{ﬁj + oszg
st = Y5,1371 T V52433 = 75,250 T V5,312
S3 = 710,3811 = 10,6412
Lo.f . Rl,o,fo R z(fo) i =10
S~;~fu = ﬁsg S OC:OSJ‘O) s3 s3 — Ts3 -
— pr(f — T
= Bz = 1P e
Tlo.fo 20- [t —20]" = 381 20- [t —20)" = 10 ¢+ 6417
s3
t= 39 L t= 1041
_ 16 _ 6
= = ﬂlo,sgﬁ = 510,104%
Lo. o. .0.
Besil® = ﬂRle;e«fLyTel-;e'fo ®i—(0,1,31 s fo = Br0,9213 ®i—q0.1.3 55 fo = B1r0.1908
Bt = b Bil” = b
[ 10- |t —92 131" = 25 10- |t 1905 : = 25
D 6] ~ 6]
5 1
t= 95— t= 193-
13 16 ) .
alo (Tg;;fl’) = 5-92-+25 | (T;;;fU) = 51902 +25
Bfo
1 1
= 489 — = 979—
16 6




PmooArrivalBound. java

SFA \ Arbitrary Multiplexing
af§f°) = Oéfg = 75,250
- +
= BRLo.fO oo 650 = O‘ig(fo)
o070 Tay
Tlofo | 20-[t—20" = 5-t+250
S0
1
t= 43—
3
= = 515,43%
a0 — of! = 75,250
+
s1| plofo= B, @atlto | Bt L
= Pripso zip s T
Tlofo | 20-[t—20]" = 5-t+250
s1
1
t= 43
3
= = 515,43%
@zg(fo) =afl2+al = V5,250 + V54121 = V10,6621
| gros v(fo) | RLOSo [Re, i) =10
5.3 V0= 653 © a83 ° 53 3 53
— z(f
= s g Pz @
s 8 1
Tlofo | 20-[t—20" = 10-t+ 662
S3
1
t= 106—
4
- - 510,10%
Lo. o.
Be2ef0 - BR;;’jO,T;;;fO ®i:{0,1,3} Bs, fo= Bro10244
Bt = P
eze
f 10- |t 19211 ! = 25
Die 12|
)
t= 195—
" 12
o ofo (Tis") = 5 19255 +25
0

989 —
12




PbooArrivalBound_Concatenation. java

PMOO Arbitrary Multiplexing
z(fo)
Qs
50 affffo) = afs = 75,250
#75)
a'S/l 0 _ f2 _
S1 z = Qg7 = 75,250
O[Sl(fo)
_ a2 £ al3
S3 S3
ax(fo) = 5250 + s 2
S5 53 ; 5,3912
) = 75,6412
a§§f0)
= /\ (RS‘ _ T:(fo))
RL-0-fo i€{0,1,3}
Blodo B s o e2e = (20 —5) A (20 —5) A (20 — 10)
Re28 ’TeQe
= 10
¢ R -0.fo
i€{0,1,3} e2e
250 + 5 - 20 250 + 5 - 20 6412 +10- 20
0. W0+ "— = 0+ —— 404 —3
Ty + 10 et 10 et 10
60+ 15412
10
2141
6
- = 510,214%
Bal” = b
11+
Do 10 - {t — 2146] = 25
t= 2162
= : 2
alo (T;;;fe) = 52147 +25
Bfo
5
= 1095—

6




PmooArrivalBound. java

PMOO Arbitrary Multiplexing
z(fo)
Qs
%0 affffo) = afs = 75,250
w7
a'S/l 0 _ f2 _
S1 z = Qg7 = 75,250
O[Sl(fo)
_ a2 £ al3
S3 S3
ax(fo) = 5250 + s 1
S5 s3 ; 5,4121
) = 10,6621
a§§f0)
= /\ (RS‘ _ T:(fo))
RL-0-fo i€{0,1,3}
Blodo B s o e2e = (20 —5) A (20 —5) A (20 — 10)
Re28 ’TeQe
= 10
¢ R -0.fo
i€{0,1,3} e2e
2504520 2504520 6623 + 10 - 20
0. W0+ "— = 0+ 4204 —2
Tyl * o T o P 10
60+ 14624
10
1
216—
4
- = 510,216%
Balo = o
11+
Do 10 - {t — 2164] = 25
3
t= 218-
I 4
o (T ) = 5 2165 +25
Bfo
1
= 1106—

4




Flow fl

Total Flow Analysis
Analysis

PbooArrivalBound_Concatenation. java

’ TFA \ FIFO Multiplexing \ Arbitrary Multiplexing

ofy = ofj+al+af
g, = 75,25 + 75,25 + 75,25
52 = V15,75
Bs; = bs, Bs, = as,
D 20 [t-20" = 7 20 [t—20]" = 15-t+75
1= 2 t= 95
" an, (1) = 1520175
52 = 375
= R = R
Qsy | = V51375 T V52032 T V52432 | = 75,250 T+ V54581 + V53012
53 = 5,675 | = V15,1100
Bss = bss Bss = Qs
D 20 [t =207 = 675 20- [t —20]* = 15-¢+ 1100
t= 53% t= 300
o | an ()= 152067 an, (To.) = 1520 1 1100
8 = 975 = 1400
D DI + D' =773 D' + DI' = 395
Bl max {Bf1, Bl1} = 975 max {B{}, B} = 1400




PmooArrivalBound. java

’ TFA \ Arbitrary Multiplexing
alr = all +al2 + ol
Qs 75,25 + V5,25 + V5,25
§2 = V15,75
Bsz - Qs
Div | 20-[t—20" = 15-t+75
t= 95
Bl as, (Ts,) = 15-20+75
52 = 375
= oo +all +al?
Qs = 75,250 T V54581 T V5,412
53 = V15,11208
/883 = a83
N 5
Dfi | 200 [ =201 = 151411205
S3
1
t = 304~
56
g, (Ty,) = 15-20+ 11202
Bfl g
S3
= 1420
6
DF DIt + DI' = 399¢
BT max { Bf}, Bf1} =14203




Separate Flow Analysis and PMOOQO Analysis

Analyses
PbooArrivalBound_Concatenation. java
’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= aj+a}
Oéiz(‘fl) = 75,25+ 75,25
52
= 710,50
Lo = By, © aiy = Bio,221 = B10,45
of) +afy ol +al;
a2 = 75,2933 t 75,2432 V5,4581 T V5,3912
S3 = 10,5371 = 710,850
1 Rl.o.f1 R z(f1) + =10
68.30.f1 = 553 o agg(fl) 53 s3 — Tsg =
= Bploss o Bz = biegfl) z(f1)
Ry Ty N 1 ﬂSS — a53' 1
Thoh 20-[t—20" = 5375 20- [t —20]" = 10-t+ 850
7 _
P a6t t= 125
8
= = B10,462 = S10,125
Bl = 5Rle-zt>éf1 Tl ®?:2 pro-ft = B1ro,693 ®§:2 BLo-ft = Big.170
To.
ﬂeZefl = bfl ﬁl-o-fl — bfl
3 4 e2e T
Dh 10 - {t698] = 25 10-[t—170]" = 25
1
7 t= 172—
t= Tl- 7 2
8
£ (lofr 3
o (Teze ) = 5090 +25 | ofr (Tholr) = 5170+ 25
Bfl 8 e2e
- 7 = 875

371
8




PmooArrivalBound. java

SFA Arbitrary Multiplexing
— al? —|-ch3
S2 S2
5 agz(fl) 5,25 + V5,25
= 710,50
Lo-hh = B, © oI = B10,45
= oh+oab
o) = L+
s3 54581 T V5,4121
83 = ”Yio,smg
gl = B, cafth) | R [y =] =10
_ z(F
= BRl.o‘fl plo-f1 553 ass( V
s3 1483 n 5
Tlo.fi 20 - [t — 20] 10-t+ 8706
53
1
t= 127—
12
= = 510,1271—12
I.o. 3 o.
lgezefl = ﬂR:;e:h?T;;fl ®i:2 Bl, h= B1o,172%
61.20.f1 — bfl
11+
f 10- [t—172—| = 25
s -mg)
7
t= 174—
| 12
o (Thsh) = 5172 425
Bh 12

5
885—
12




PbooArrivalBound_Concatenation. java

PMOO Arbitrary Multiplexing
= ojto}
z(f1) _
< s, = 75,25 + 75,25
2
_ = 710,50
O[;7;02(f1)
= al? 4+ af?
55 af§fl) = V54581 T V53012
_ = 710,850
af§fl)
= /\ (RS _rg(fl))
Rlo-f1 i€{2,3}
Lo.f1 e2e = (20 —10) A (20 — 10)
Peae”™ = Prignn rin _
= 10
bg(fl) ;(fl) T
. ' RLyh
1.5{2,3} e2e
50+ 10-20 850 + 10 - 20
= 204 ———— 4204+ ————
T + 10 + 20 + 10
1300
= 40 + ——
+ 10
= 170
= = 10,170
CE
Dh 10-[t—170" = 25
1
t= 172—
2
f Lo.f1) _ X
o o (Ti7) = 5170425

= 875




PmooArrivalBound. java

PMOO Arbitrary Multiplexing
= ol tal]
z(f1) .
s Qsa = 75,25 + 75,25
2
= 710,50
Oz}i(fl)
ajy +af3
e e st st
83 53 5,458 3 5,4123
= 10,8703
af(fl)
53
— /\ (Rs, 7Tf‘(f1))
i€{2,3
! Ress” = 622 }10 20 — 10
5e§éf1 = 5R1.o,f1 plo-f1 = (20—10) A (20— 10)
e2e 1T e2e _ 10
b?(fl) Z(fl) Tg
X R 0.f1
1€{2,3} e2e
50 +10-20 8702 +10-20
lo.f1 20 _ 20 —__ "6 7 =
Te2ef * 10 + + 10
10+ 13202
10
1
172—
12
— = ﬂm,nzﬁ
Blof — pi
1 +
10- [t —172—| = 2
Dh 0 [ 7 12] 5
7
t= 174—
I 12
alt (T(i;;fl) = 5-172— +25
Bh 12 .
= 885 —

12




Flow f2

Total Flow Analysis

Analysis
’ TFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= al+al+a}
QAs, = 75,25 + 75,25 + 75,25
52 = V15,75
682 - sz Bsz = Ay
+
pfz | 20-[t=20"= 75 20 [t—20]" = 15-t+75
t= 23% t= 95
B o (1) = 1520475
52 = 375
S = il
Qg V5,137 T V51502 = 75,250 T V5,2412
51 = 710,296 = V10,4912
681 = bS] ﬂsl = 0581
7 2
Dl 20 [t —20]" = 2963 20 [t —20]" = 10-¢+4915
51
27 1
= 34— t= 89—
32 - 26
as, (To) = 102042067 |y, (To,) = 10-20+4915
sz
51 7 2
= 496— = 691—
8 3
IE DIz + DI? = 5837 DIz + DI = 184
BT max { B2, B>} = 496% max { B2, B>} = 6912

Separate Flow Analysis and PMOOQO Analysis

Analyses
’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= al+aj
aigb) = 75,25 + V5,25
52
10,50
Bio = B, © agy™ = Bio,221 ‘ = f1oas
aifl(fz‘) = 04{? = 75,1592 ‘ = ag‘f = 75,2412
s1| glof w(f2) | RLo-F2 [R - r“f?)r ~15
s.l ’ = ﬁsl @ asl 51 52 52
= /BRl.o.fz lo-f2 681 = bgl(fZ) 681 = a;;cl(fz)
Sl b Sl 3 + 2
Tlo.f> 20- [t —20]" = 1592 20-[t=20]" = 5-t+24135
s1
31
t= 27— t= 42—
32
= = 510,27% = 510,425
T.o. 2 o 2 .0.
ﬂe2ef2 = ﬁRlc;éfa Tho-I2 i1 ﬁil 2= 510,50% Qi1 & T2 = ﬂ10,87%
B = b B = b
151" 71t
[ 10- |1t —=50—=| = 25 10- |t —87=| = 25
o i) -]
31 5
t= 52— t= 90—
5 32 . 18
ol (Tg-;;ﬁ) = 5-50=2 +25 | af (Tg;;fz) = 5-87=+25
Bz 11 Vs
7732 639




PMOO

Arbitrary Multiplexing

z(f2)

= ol ta}

89 sy V5,25 + V5,25
e = 710,50
as,”?
z(f2)
aSl i _
51 ) =alt = 75,2412
51
— A )
Rl.;).fz i€{2,1}
e2e _ _ _
otz _ Bt gioss = (20—10)A (20— 5)
= 10
bsi(fz) ?(fz) . Tg,
. ' RLS: 2
ie{2,1} e2e
50 +10-20 2412 +5-20
Lo. = 04+ ———+204+ —3
Tt + 10 et 10
= 104 245
N 10
= 991
_ 6
- = 510,99%
51~20~f2 _ pl2
1
Df2 10 - {t— 996] = 25
2
t= 101-
. 3
af? (T;;;-h) = 5.99-+25
B2 6

5
520~
6




Flow f3

Total Flow Analysis
Analysis

PbooArrivalBound_Concatenation. java

TFA FIFO Multiplexing Arbitrary Multiplexing
PbooArrivalBound_Concatenation. java \ PmooArrivalBound. java
= ol +altol
Qs V5,25 + V5,25 + 75,25
52 V15,75
/882 = b$2 552 = Qg
+ _
Df: 20-t-20"= 75 2 [t—20]" = 15-t+75
t= 23% t= 95
BIs as, (Ty,) = 15-20+75
2 375
= ozfg + oszj = ag‘g + ag‘g
Qs = 75,25 V51371 = 75,25 + V5,250
%0 = V10,1621 = 710,275
Bsu = bso BSO = o,
1
D 20 - [t —20]" = 1627 20-[t —20]" = 10-t+275
S0
1
1 —
t= 28 t= 675
B 2
i as, (Ts,) = 10-20+ 1625 oy, (Ts,) = 10-20 + 275
S0 1 —
= 2625 = 475
= ozfg + af; + agg = aﬁg + aﬁé + afg a£§ + af; + afg
Qg V5,293 T V5,1371 T V5,2432 V5,581 1 75,250 T V5,312 = V54581 75,250 + V54121
53 V15,675 V15,1100 = 15,1120
ﬂss = bss Bss = Qsy 633 N a853
+_ t=
D 20- [t —20]" = 675 20-[t—20]" = 15-¢+1100 | 20 [t =207 = 15-¢+11204
’ 3
t= 53" t= 300 B 1
4 t= 3046
)
g | e (T)= 15204675 | oy (Ty)= 152041100 | @ (T) = 1520+ 11205
% = 975 = 1400 _ 14202
6
D DIs + DIs + DI* = 1052 DIs + DIs + DI* = 4625 DIs + DJ5 + DI = 4663
B3 max { B2, Bls, Bl*1 =975 | max{BJ3,Bl*, Bz} =1400 | max{B/?, B> B:} = 14202




Separate Flow Analysis and PMOOQO Analysis

Analyses
’ SFA FIFO Multiplexing \ Arbitrary Multiplexing
= ol +af
So O(i?( ) ¥5,25 + V5,25
= 710,50
Blo fa _ 5 o az(fs) _ 510’22% ‘ _ 610,45
S0 aso(fj) . = a0 =505
BLofs = By, © ant? =Pis211 = Pi5,281
= az; + o] = afta
gt V5,2038 T V51371 V5,4581 T V5,250
S3 = 710,4311 = 710,708
F
Blofs = B, eax(fs) Rls;"fB [R r;”g(fd)w =10
= BRl.u.fS lo-fs ﬁsg = b§§f3) 553 = aig(fa)
ss s 1 1
Tlo-fs 20- [t —20]" = 431 20-[t—20" = 10-t+ 7083
83
9 5
= = 610,41% = 510,110g
Lo. 0. 0. f-
Beze” = 5Rle§efd Tl Qi=2,0,3) Byt = Pross g (2.0} Bete = Bro,1841
Baze = b Bisel =" bP
571+ 11+
DYs 10 - [t — 8516} = 25 10 - {t — 1846} = 25
13 2
, 5 : ] T
of (Tl ) = 5 85 +25 | o (i) = 5 1847 + 25
Bfs 9 5
= 451 = = 945—
16 6




PMOO

Arbitrary Multiplexing

z(f3)

= ofjta]

S Qsz = 75,25 + 75,25
= 710,50
af(f:s)
z(f3)
g
%0 ai?fs) = agg = 75,25
50
= o+
55 a2 V5,4581 + 75,250
= 10,7081
ai(fe:)
S3
= /\ (Rs, — TZ’,(fs))
Rlo-fs i€{2,0,3}
e2e _
ﬁé;éfs _ ﬂRl&fs plots = (20 - ].0) A (20 — 5) AN (20 - 10)
e2e 1" e2e
= 10
bfi(f?') + ,r:i(fS) T,
> (n B
i€{2,0,3} e2e
50 + 10 - 20 25 +5-20 7081 + 10 - 20
l.o. 04+ ——— 42004+ — -~ " 4904+ —3
T’ tg T T AT 10
60 + 12831
10
1
188§
- = 610,188%
Bus® = V8
1+
Dfs 10 - [t — 1883} = 25
5
X 1
oft (Tigl) = 51885 +25
Bfs 3

2
= 966 -
3




FF 3S 1SC_2F 1AC 2P Network

S = {807 S1, 82} with
ﬂSO = 681 = 682

F= {f()vfl} with

= Br.,, 1., = Pao,20, i € {0,1,2}

af() = afl == 'ern,bfn - 75,25) n e {07 1}

FFF 3S 1SC 2F 1AC 2P Test

Flow f

Total Flow Analysis

Arrival Bounds

(817 {fl}’(b; = aé

(s2,{fo},0) = aﬁg FIFO Multiplexing Arbitrary Multiplexing
= ofr with (n.) € {(1,1).(0,2)}
’ aﬁ;t N ) 5;‘5)-%
agéfn) = 75,25
Lo.fn _ o(fn) | RLOTn —15
S0 Bso © Qg 0 Ba = p(fn) Bae — PEAS)
= 6Rl.o.fn Tlo-fn S0 S0 so S0
o pleg | 200t 201" = 25 20 [t—20]" = 5-1+25
S0
1 1
- :ﬂ15,21i 2515728%
al» = afr o 5}3;% rin i —5 1
= Vrdn pin o alo (Tif'f") = 5 211 +25 | oo (T;;)O'f") = 5. 28§ +925
S 1 9
= 131> — 166=
4 3

= 1
75,1311

= 2
75,1662




’ (s2,{f1},0) = ol FIFO Multiplexing \ Arbitrary Multiplexing

To. To.
0‘«{; = ot o (69(? he Bsy fl)
(reuse of previous result)
— /81 .0. fl /Bl.o.fl
— @ 51 .0.f1
afM = 7.0
gLt = B, o o) = Bs1=P20,20
alt = 75,1311 ‘ = 75,1662
af; = ol @ﬁloh 7“521 1:5 .
= Yo Po(Tyodo) = 5.204131— | o0 (T}0F°) = 520+ 166>
Tso 7b52 bf1 4 3
h - 2311 = 2662
_ 4 _ 3
= = V5,231 = 75,2662

Remark:
PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java
because fy does not have cross-traffic interfering on multiple consecutive hops.

Analysis
’ TFA \ FIFO Multiplexing \ Arbitrary Multiplexing ‘
— af(l + O[fl
Qg = 75,25 + V5,25
50 = 710,50
6? - bSO ’B“"U = Qs
pf | 20-[-20"= 50 20 [t —20]" = 10-¢+50
t= 22% t= 45
Bl aoy (To) = 1020450
so = 250
= az; +af; = az; +af;
Qs, = Vs,2311 T V51312 = V52662 T V5,1662
52 = 10,3621 = 10,4331
682 = b82 ﬂ82 = asz
1 1
Dfo 20- [t —20]" = 362; 20 - [t —20]" = 10-¢+4335
S2
t= 38 L t= 83 L
_ 8 _ 3
as, (Ts,) = 10-204362= | ay, (Ty,) = 10-20+433=
Bfo 2 3
” = 562 L = 633 L
_ 2 _ 3
— 0o — T
Do D iz (0,2 DI° =603 Dicq0.0y DI =1285
BT max; (o0} BI° = 5623 max;_(o,0} BI° = 6331




Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds

| (s2,{f1}. Jo) = o}

‘ FIFO Multiplexing

‘ Arbitrary Multiplexing

|

of, = ol 0 (B37 & B0 T)

Oéﬁf()) = 75,25
Lo.fi = B 5 ) RLo-Nn —15
s0
! = Brlon sl.oo.fl Bso = bigfl) Bso = a:'sﬂcgfl)
fro M TLo.fi 20-[t—20" = 25 20- [t —20]" = 5-¢+425
So
1 1
= :515,21% 2515,28%
Oéil(fl) = 70,0
Bio-f =B, 6 @il(fl) = Bs,=020,20
Bl.o.fl ® ﬂl.o.fl _ Bl.o.fl = ﬁi(:)fl ® le = B;f-fl ®ﬂ51
S S
’ ' — B, <180;Sl> = Bis211 ® B20.20 B1s,281 @ 20,20
= o1 Lo fr
Booeny Tisgs) = Bis a1 - Bus st
bi _
a{; = Oéfl %) (61%0f1 ® /Blglofl) (;0781 : =5 :
_ _ , lo.fi \ Lo.fi \ _
= B | fel (Tl = 5eag 425 ol (T00)) = 5odsg 425
Voo - 9312 - 2662
_ 4 — 3
= = V5,231 = 75,2662
Remark:

PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java
because fy does not have cross-traffic interfering on multiple consecutive hops.

Analyses
’ SFA ‘ FIFO Multiplexing ‘ Arbitrary Multiplexing
aif(gfo) — Oéfl = 5,25
+
S0 B;{‘)lfo — 650 9 Oé?éfo) Rlsoofo ’VRSO — T‘fo(fo) = ]_5
= BRl.o.fo plo-fo ﬁso = bgéfo) 550 — a:éfo)
50 sLso
Tlo.fo 2-[t—20" = 25 20-[t—20]" = 5-t425
0 t= 21 L t= 281
_ 4 _ 3
= = 515,21% = 515,28%
agz(f()) = 75,2311 ‘ = 75,2662
Rl.o.fo R z(fo) + =15
= /BRl.o.fO oo 682 = b?g(f()) 682 = Oé';ff")
5500 Ts N 1 N 9
TLo-fo 20- [t —20]" = 2311 20-[t—20]" = 5-t+ 2665
S2
9 4
t= 31— t= 44—
16 9
= = 515,31% = ﬁ15,44g
To. o. .0.
ﬂeQefo = 5325’503;'2@;-% ®¢:{o,2} Bi fo = »315,52% ®i:{0,2} 5; fo = 515,72%
Bl = b Al = b
137" 71"
f 15 |t—=52—| = 25 15 |t=-72-| = 25
e - g
23 4
t= 54— t= T4-
= 48 . 9
alo (Tg;;f“) = 5.52-2 495 | aff (Tg;;f“) = 5.72-+25
= 289— = —
9 1a 3889




PMOO

Arbitrary Multiplexing

agéfo)
So = = 75,25
Oés(EfO)
aw(fo)
52 = = 75,2662
20 3
= /\ (Rsi _ Tf;(fo))
Rl‘g‘fo 1€{0,2}
Bé-zoe-fo = Bpiodo pioto = (20 —5) A (20 — 5)
e2e 1" e2e — 15
bf,i(fO) + T‘fi(j()) T,
Yoo Tut Rlofo
i€{0,2} e2e
25+ 520 2662 +5- 20
10+ 2013
15
7
72—
9
- - 515,72%
M- W
71+
Do 15 - [t - 729} = 25
4
t= T4-
- 9
. ofo (Tigs?) = 5 725 +25
0
B 8

388~
9




Flow fl

Total Flow Analysis

Arrival Bounds

(s1,{f1},0) = O‘Q
(s2,{fo},0) = alo FIFO Multiplexing Arbitrary Multiplexing
= af» with (n,i) € {(1,1),(0,2)}
’ a;" = afn @ /3,15(?]0”
a:{gfn) = 75,25
lo.fn _ z(fn) R}g.o.fn —15
S0 Bso O oy, 0 Ba — p(fn) Boo = o)
= ﬂRLo.fn lo-fn So S0 S0 so
oo Tlofa | 20-[t—20]" = 25 [ 20-[t—20]" = 5-t+25
S0
1 1
t= 21— t = 28 =
4 3
= 2515,21% 2515,28§
rir —5
afr = alv @ Lo bl ol (TLe-7n) = 1311 afo (TLo-Tn) = 1662
= = V5,131 = 75,1662

[ GedJ.0) ol

\ FIFO Multiplexing \ Arbitrary Multiplexing ‘

’ a{; —al' O (5(!(;1}01 ® 5};'10')01) —al' ¢ ﬁi»f-fl o B};lo‘fl — oz{i 0 5}g~1€>~f1 ‘

a?l(fl) = 70,0
Bioh =B, 6 agt = Bs;=P20,20
a-ﬁ = V5,1311 ‘ = 75,1662
J1 —
fi_— fi lLo.f1 r — 5
asz - asl ®ﬂsl 2 T.0. — T To. _ 2
A 0 420 s B T D
51 = = 75,2311 = 75,2662
Remark:

PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java

because fi does not have cross-traffic interfering on multiple consecutive hops.




Analysis

TFA FIFO Multiplexing ‘ Arbitrary Multiplexing
s, =afo +aft = ¥5,25 + V5,25 = 710,50
S0 650 = bso 580 = s,
+
Dio 20-[t—=20]" = 50 20 [t —20]* = 10-¢+50
t= 22% t= 45
Br sy (15,) = 10-20+ 50
o = 250
Oy =afl = V5,1311 =afl = 75,1662
S1 8. = b FIFO per micro flow
5:_ B 811 651 = b51
9 3
t= 26— 1
16 t= 285
1 2
ag, (To,) = 5-204131= | a,, (T,,)= 5-20+ 166>
Bfl le g
51
= 231— = 266—
4 3
= az; +of; = az; +of;
Qg = V52311 T V51312 = V52662 T V5,1662
52 = 10,3621 = 10,4331
ﬁsz = bSQ 552 = asz
1 1
Dh 20- [t —20]" = 362 20-[t—20" = 10-t +4335
S2
t= 38 L t= 831
_ 8 _ 3
| (T) = 102043625 | oy, (To) = 10-20 44333
B 1
52 1 1
= 5625 = 633§
D S B =872 S o B = 1562
BT max;_, BJ' =562 max;_, Bl' = 6331

Separate Flow Analysis and PMOO Analysis

Arrival Bounds

’ (s2,{fo},0) = al° \ FIFO Multiplexing \ Arbitrary Multiplexing ‘

’ alo = oo 1) Bl-o-fo ‘
S2 S0

asy" — = 5,25
Lo. P RO 0 = 15
ﬁs(? Jo — ﬁso S Oéiéfo) Sq B — bz(fo) ﬂ _ az(fo)
= ﬂ Lo.fo l-o.fo so S0 so — S0
oo oo oo | 200 [t—20" = 25 | 20-[t—20]" = 5-t+25
50
1 1
t= 21— t= 28 =
4 3
= :515,2& 1515,28§
fo —
fo — fo Lo.fo r =5
Qs = 0 0f 7 o T o P
’ = ofop Bl'zo-fo bgg al® (TSOO jo) = 1313 a0 (TSOO fo) = 1663
52 - = 5,131 = 75,1662
Remark:

PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation.java
because fi does not have cross-traffic interfering on multiple consecutive hops.



Analyses

’ SFA FIFO Multiplexing ‘ Arbitrary Multiplexing
aio(‘fl) = afo = 55 o5
. Rlo-h (R, - rfo(fl)-r — 15
By = By © ol B = BT B= ozl
Tlof 20 [t —20]" = 2f 20 [t —20]" = 5-t+2f
t= 211 t= 285
= =Pis211 = Pis,281
5 oY) = 70,0
pio-t =B, © aftm = Bs;, = B20,20
Olifz(fl) = 75,1311 ‘ - = 75,1662
h pro-h = g, & ol R ES; )_ rsﬁfﬂ -0 o)
52 52 O sy Bs, = b Bs, = gy
Tlof: 20 [t —20]" = 131% 20-[t—20]" = 5-t+ 166%
t = 26% = 37;
= = ﬂ15,26% = 515,37%
ﬁ}a'zctéfl = BRL‘S’gh 1o ®?:0 Bi'io'fl = 515,67% ®?:o 5;’,;0'f1 = ﬁlB,SG%
B = 0" B = ol
Dh 15 [t - 6712r - 2 15 [t - 86;]+ - 25
_ 92 t— 87
f (o fi) _ 13 43 £ (o fi) _ 1 !
. o (L) = 567 +215 ol (Tig) = 5-865 +255
= 364E = 455§




PMOO

Arbitrary Multiplexing

50 a%i; = 75,25
e
z(f1
S1 ag?fl) = 70,0
Qs
a;(fl)
52 z = 75,1662
aszgfl)
_ A (R i)
Rl.o.fl i€{0,1,2}
e2e
Bé-zoe-fl _ BRl'O'fl oty (20 —5) A (20 — 0) A (20 — 5)
e2e 1" e2e — 15
b’f_(fl) ,gf_(fl) . Ts‘
i R .0.f1
1€{0,1,2} e2e
25+4+5-20 0-+0-20 1662 +5 - 20
0. W0+ "—— 4204+ — 4200+ —3 —
T’ toy P Ty 15
60 + 391%
15
1
86—
9
- = 615,86%
Bl-z&fl _ bf1
11+
D 15 [t — 869} = 25
7
t= 87-
. 9
ol (T;ggfl) — 5-86=+25
BN 9

)
455—
9




