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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.

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

Arrival Bounds
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Analysis
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Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds
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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
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Flow fl

Total Flow Analysis

Arrival Bounds
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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
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Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds
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Remark:
PmooArrivalBound. java will have the same result as PbooArrivalBound_Concatenation. java
because fy does not have cross-trafic interfering on multiple consecutive hops.
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Flow f2

Total Flow Analysis

Arrival Bounds
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Analysis
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Separate Flow Analysis and PMOOQO Analysis

Arrival Bounds
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Arbitrary Multiplexing
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FeedForward 1SC 4Flows 1AC 4Paths

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}



Arrival Bounds
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st = a2 = 951371 ‘ = af? = 75,250
R w60 = 905
610 fo — Bs, ® ar(fo) Rls'f'f“ [ s T } - B
= 15
= Pripho iy By = BT B, = a0
1 o
Tlo-fo 20- [t —20]" = 1375 20-[t—20]" = 5-t+250
s1
1
7 t= 43
= = 515,261 = 515,43%
o= ohoph | TE =5 (
_ o blo [ afo (TTo7°) = 5-26% + 1593 = 203% [ olo (T1°7°) = 5431 + 2412 = 4581
739,059 = = 75,2033 = 75,4581




(s3,{f3}.0) =al

| FIFO Multiplexing | A

rbitrary Multiplexing

PbooArrivalBound_Concatenation. java

ag‘ = al3 o (Bisfs ® ﬁi(?fd)
(reuse of previous result)
= afs %) B;;fd Q ﬁ‘ls(;)fs
= als © Bt
s = a0 = 595
+
R, — r“fﬂ = 20-5
° z l.o. f: |: S0 S0
lof'a _ 580 easo(fs) RSO 3 _ -
= BRL'S'f37TiL)O'f3 Bso = bfo 550 = a]‘o
Tlofs | 20-[t—20" = 25 20-[t—20]" = 5-t+25
B t= 21 L t= 28 L
Ty _ 3
= = 515,21% = 615,28%
of; = 75,1373 ‘ = 75,250
fs — A f3 o glofs rs =5
Qs Fso © ﬂso 3 — aj3 (Tl_o.j3) — afg <T1.o.jg)
— YV s f3 S0 S0 S0 S0
e ; — 5.21% 4137 — 5.98% 1250
b3 - 4 2 - 3
3 2
= 243— = 391—
4 3
= = 75,2438 = 75,3912
PmooArrivalBound. java
a{; = ol %) 615027];30>
s, = Y525 + 7525
af(fz) B
° e = aft = g
S0
= A (R—r)
Lo.fs i€{2,0}
grods g (s2,50) = (20 —-10) A (20 — 5)
(s2,50) R(sg.50) T(sg.50)
= 10
b’»si"(fs) + T;E‘(f?,) T,
R
.0.J3
Lo i€{2,0} (s2,50)
)3 50 + 10 - 20 25+5-20
(s2,50) = 20 _ 20 e e—
* 10 T 10
1
= 7=
2
= = 510777%
r{g’ =5
_ lLo.f: .0.
off =alr @ 8070 = oI T)
1
bls = 5775 +25
1
= 412—
2
= = V5,412




Flow fo

Total Flow Analysis

Analysis
TFA FIFO Multiplexing Arbitrary Multiplexing
PbooArrivalBound_Concatenation. java \ PmooArrivalBound. java
= af+af = aly+af;
Qs = 75,25 T V51373 = 75,25 + V5,250
50 = 710,1621 = 710,275
ﬁso - bs{ Bso = Asq
Do 20 [t —20]" = 162 20-[t—20" = 10-t+275
S0
1
1 t= 67
I
a0 (Ts,) = 10-20+1627 ag, (Ty,) = 10-20 4275
50 1 = 475
= 262
2
= il =
Qs, = Y5,1502 T V51371 Vs5,2412 75,250
51 = 710,296 % = 10,4912
/651 = bS1 BS1 = asl
7 2
Do 20 [t —20]" = 2062 20-[t—20]" = 10- t+ 4915
S1
27 1
t= 34— t= 89—
32 50
as, (To,) = 1020+ 296 as, (To,) = 10-20 44915
Bfo
51 7 2
= 496— = 691 -
8 3
= aff tofi+aly | = azy ol + o agy +of; + o
Qsg V52933 T V5,137 + V52433 | = V4581 175,250 + V53912 = Vsas8L T 75,250 + V5,412
53 = V15,675 | = V15,1100 = V15,1208
ﬁs;:, = b33 B _ a 653 = Qgqy
+ % o + 5
Dsfg 20[t—20] = 675 20[t—20]+: 15t+1100 20[t-20] = 15t+11206
3 - 1
)
Bfo sy (T53) = 15-20+675 Asg (Ts3) = 15-20+ 1100 Qsy (Ts3) = 15-20+ 11206
% = 975 = 1400 _ 14202
6
DPo DI + Do + D> = 11633 DIo + Do + DJo = 456 DI° + D] + DIv = 4603
BJo max {B{°, B, B} = 975 max {B{°, Bl°, B} = 1400 | max {B]°, B>, Bl°] = 14202




Separate Flow Analysis and PMOOQO Analysis

Analyses

PbooArrivalBound_Concatenation. java

’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
a0 =af} = 51371 ‘ = ol = 75 250
s0 | glod (f3) | RLo-fo Ry — 2] =15
0 /Bsf' 0= Bso S Oézo 3 S0 so — T'so B
c(fo) X
= BRL.S.fO’T;bo_fO /330 b?o Ul ,830 — afu(fo)
Tlo.fo 20- [t —20]" = 1375 20-[t—20]" = 5-t+ 250
S0
7 t= 131
= = ﬁ15,26§ = 515,43§
a7 =all = 751371 ‘ = afl = 75,250
1 Rl-O-fo R z(fo) ¥ =15
S1 S~10~fo = B 6 a;”l(f(’) P 51 — Ts; =
— =)
= BRls'f'fO,T;'lo‘fo 551 - bSl U]_ ﬁs1 = Oé?l(f())
Tlo-fo 20- [t —20]" = 1375 20-[t—20" = 5-t+ 250
s1
7 t= 432
- - ﬂ15,26§ - 515,43%
= ozfi + ozfg ozfg + afg
Oéascsffo) V51373 + V5,2432 = 75,250 T 75,3912
S3 = 710,3811 = 10,6412
Lo. . Rl,o,fo R z(fo) * =10
s.;)vfg = Bs; 0 Oé:osm) 53 s3 — T's3 -
= /BRl,o.fO rlo-fo Bss = bﬂsléfu) By = a?éfo)
83 1483 1 + 2
Tlo.fo 20 [t —20]" = 3817 20-[t-20]" = 10-¢+ 6415
S3
t= 39 L t= 104 L
16 _ 6
= = 510,39% = 510,104%
Lo. o. .o0.
502ch = 6Rle'§e'f°»Tel'zZ‘f0 ®i={0,1,3} 52 fo = 510,92% ®i={0,1,3} @ fo = 510,190%
Bt = P Bl = bP
f 10 - |t 9213 ' = 25 10 - |t 1905 : = 25
b 6] 6]
5 1
t= 95— t= 193
3 16 5 3
o (T 7o) = 59255425 | ol (Ti) = 51902 425
Bfo 16 ) 6 )
= 489 — = 979~
16 6




PmooArrivalBound. java

SFA \ Arbitrary Multiplexing
Oéf(ng) = 0653 = 75,250
- F
s | phodo= B, earlte) | BN o 1| =15
= ﬂRl.o.fo ho-fo ﬂso = O‘zéfo)
500 Ty
Tlofo | 20-[t—20]" = 5-t+250
S0
1
t= 43—
3
= = 515,43%
agl(fO) =al! = 75,250
+
si| godo = g, oarto | B [Rsl - rfffo)w —15
= Prpso zipn RN
TLo-fo 20-[t—20]" = 5-t+250
s1
1
t= 43—
3
= = 515,43%
a5 = of: +of: = 75,250 T V54123 = 7106624
53 L.o. f z(fo) Rl'o'f() R.. — 7,$(f0) * =10
5.3 V0= 653 S as@, ’ 3 B °
= 5R1.o.f0 plo-fo 553 = Oéigfo)
's3 1tsg3 1
Thodo | 200 [t—20]" = 10t +662;
S3
1
t= 106—
4
= = 510,10%
To. o. fi
IBEQefO = 532-;%721-22% ®i:{0,1,3} /31% fo = 510,192%
il = b
eze
I 10- |t 19211 : = 25
D 12|
)
t= 195—
' 12
o of (T o) = 5 1927 +25

7
989 —
12




PbooArrivalBound_Concatenation. java

PMOO Arbitrary Multiplexing
z(fo)
s
50 7o) = afs = 75,250
o
z(fo
Qsy —afr =
51 3 = o] = 75,250
O[Sl(fo)
= alz +afs
ax(fo) = 5250 + s 5
S5 53 ; 5,3012
) = 75,6412
a§§f0)
= /\ (RS‘ _ ,r;(fo))
Rl.o.fo 1€{0,1,3}
Blodo B s o ez = (20 —5) A (20 — 5) A (20 — 10)
Re28 ’TeQe
= 10
) i R .0.fo
1€{0,1,3} e2e
250 + 520 250 +5-20 6412 +10-20
0. W0+ "= 0+ 404 —3
Ty + 10 et 10 et 10
60+ 15412
10
2141
6
- = 510,214%
Bl = o
17+
Do 10 - {t — 2146] = 25
t= 2162
= : 2
o (T ) = 5 2147 +25
fi
BJo 5
= 1095—

6




PmooArrivalBound. java

PMOO Arbitrary Multiplexing
z(fo)
Qg
S0 ;Z(Efo) = 04;{2 = 75,250
e
z(fo
Qsy —afr =
51 3 = o] = 75,250
O[Sl(fo)
= al+af
ax(fo) = 5250 + s 1
S5 53 , 5,4121
) = 10,6621
a§§f0)
= /\ (RS‘ _ ,r;(fo))
Rl.o.fo 1€{0,1,3}
Blodo B s o ez = (20 —5) A (20 — 5) A (20 — 10)
Re28 ’TeQe
= 10
= ST+
) i R .0.fo
1€{0,1,3} e2e
250+ 5 - 20 250 + 5 - 20 6621 +10-20
0. = 20+ " 4+ 40+ —2 "~
Ty + 10 +eO 10 0 10
_ 60+ 14624
B 10
1
= 216—
4
- = 610,216%
Bal* = b
17+
Do 10 - {t — 2164] = 25
3
t= 218-
I 4
o (T ) = 5 2167 + 25
fi
. = 11061
_ 4




Flow fl

Total Flow Analysis

Analysis

PbooArrivalBound_Concatenation. java

’ TFA \ FIFO Multiplexing \ Arbitrary Multiplexing
oy = afj+oli+al
Qg, = 75,25 + 75,25 + 75,25
52 = V15,75
Bss = bs, B, = a,
D 20 [t-20" = 7 20 [t—20]" = 15-t+75
= 2 t= 9
" s, (To) = 15-20+ 75
52 = 375
SRRl ] - ST T of T ol
Qs V5,1373 T V5,2032 + V5,2432 = 75,250 T V54581 t V5,3012
53 V15,675 = 15,1100
Psy = bsy Bss = sy
D 20-[t—20]" = 675 20-[t—20]" = 15-¢+ 1100
t= 53% t= 300
" s, (Toy) = 1520 + 675 s, (Toy) = 1520 + 1100
8 = 975 = 1400
D DI + DIr =773 DIi + DI' =395
BN max { B!, B} = 975 max { B!, B} = 1400




PmooArrivalBound. java

’ TFA \ Arbitrary Multiplexing
alr = all +al2 + ol
Qg = 75,25 T 75,25 T 75,25
§2 = V15,75
ﬁsz - Qsy
D 20-[t—20" = 15-t+75
t= 95
Bl as, (Ts,) = 1520475
52 = 375
= alo +all +al?
Qs = 75,250 T V54581 + V5,412
53 = 715,11208
/353 = a83
N 5
Dfi | 20-[t—20" = 15t 1120
3
1
t= 304~
56
g, (Ty,) = 15-20+ 11202
Bfl g
S3
= 1420~
6
— 2001
DF DIi + DI' = 399¢
BT max { B!, Bl1} = 14202




Separate Flow Analysis and PMOOQO Analysis

Analyses

PbooArrivalBound_Concatenation. java

’ SFA FIFO Multiplexing Arbitrary Multiplexing
— al? + al3
S92 So
So Oéiéfl) = 75,25 + V5,25
= 710,50
pLo-ft = B,, © as = Bro221 = Bi0,45
= ofy +of] = ofy +al;
Oéfgffl) = 75,2933 T 75,2432 V5,458 T V5,3912
S3 = 10,5371 = 710,850
+
= 553 fa) Oéis(fl) R}q-;-fl [RSS —ry fl):| =10
—  pe()
= ﬂRL';’-h T ﬁsj bss . By = O[?PEfl)
rhen | 200 (=207 = 5375 | 9g. 20/t = 10-¢+850
f— 467 t= 125
8
= = B10,462 = 10,125
é’goéfl = BRL;S-fl ohe ®?:2 ﬁi‘?‘fl = /810,69% ®?:2 Bi'io-fl = S10,170
ﬁ.le;éfl = K lo.f1 __ f1
3 4 5e2e - b
Dh 10- {t698] - 92 10-[t—170" = 25
1
7 t= 172-
t= T1- 7 2
8
i (Thef) = 5692 4925 Lo.f
o ot (Teae™) = 509 +25 | ah (T ) = 5170+ 25
_ 37% - 875




PmooArrivalBound. java

SFA Arbitrary Multiplexing
= af;’ + afg’
5 s2 = 75,25 T 75,25
= 710,50
pro-h = g, o astV = Bro45
= af;‘ + ozfg
agm = V54581 T V54121
S3 = “10,8708
x(f1 i
gl = B, carth) | BT oy =] =10
_ z(f
Tlofi | 20-[t—20]" = 10-t+ 8702
53
1
t= 127—
12
= 510,1271—12
Lo.f1 3 .o.
BeZef = ﬂRL';’éfl 7T;-2°e-f1 ®i:2 Bli h= ﬂ10,1725
Bzt = P
11+
f 10- |t —172—| = 25
s -2
7
t= 174—
[ 12
o (Thsh) = 5172 425
Bf 12 .

885—
12




PbooArrivalBound_Concatenation. java

PMOO Arbitrary Multiplexing
= ojto}
’»U(fl)
s Qs V5,25 + V5,25
2
_ = 710,50
Oé:";vQ(fl)
= al? +af?
55 af§fl) = V54581 T V53012
_ = 710,850
af§fl)
= /\ (RS _ng(fl)>
Rlo-f1 ie{2,3}
Lo.fa e2e (20 — 10) A (20 — 10)
Peze =8 Ry T _ 10
bg(fl) ;”(fl) T,
. ' RLo-I
i€{2,3} e2e
50 +10-20 850+ 10 - 20
1.0.f1 — 20 20
T + 10 + 20 + 10
1300
= 40+ ——
* 10
= 170
= = B10,170
- v
Dh 10-[t—170]" = 25
1
t= 172-
2
f lLo.f1) _ .
o o (Tl ) = 5170425

= 875




PmooArrivalBound. java

PMOO Arbitrary Multiplexing
o(f - enen
S2 s, 2 = 75,25 + V5,25
= 710,50
ozi(fl)
= el
55 Oéig(fl) = V54581 T V54121
= 710,8702
af(fl)
s3
= /\ (Rsv frf(fl))
i€{2,3
Rt o
goh = Bprosi gio = (20 —10) A (20 — 10)
e2e 1 e2e _ 10
b?_(fl) iSU‘(fl) T
= Z <Tsi + = +1T ) —
: RLo-I
i€{2,3} e2e
50 410 - 20 8702 + 10 - 20
Lo.f1 = 204+ ———4+20+—86 _—
Tt + 10 et 10
B 10+ 13202
N 10
1
= 172—
12
— = 510,1725
Bt = b!
11t
10- |t —172— = 2
D 0 [ 7 12] 5
7
t= 174—
I 12
of (Tig) = 517225 425
B 12 s
= 885 —

12




Flow f2

Total Flow Analysis

Analysis
’ TFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= af+al+a]
g, = 5,25 + 75,25 + 75,25
52 = V15,75
ﬁ82 - sz Bsz = Qs,y
+
DI 20-t-20"= 75 20 [t—20]" = 15-t+75
t = 23% t= 95
B an, (T,)= 15-20475
52 = 375
ST T = kel
Qg V5,137 T V51502 = 75,250 + V52412
51 = 710,296 % = 10,4912
/881 = bS] 681 = asl
7 2
Dl 20 [t —20]" = 2963 20-[t—20]" = 10- L+ 4912
51
27 1
t= 34— t= 89—
32 - 26
as, (T) = 10-20 42962 | @y, (To,) = 10-20+4915
sz
51 7 2
= 496— = 691—
8 3
IE DIz + DI> = 5837 DI> + DI = 1843
BF> max { B2, Bf?} = 496 max { B2, Bf*} = 6913

Separate Flow Analysis and PMOOQO Analysis

Analyses
’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= ol +a}
So agh) = 7525+ 75,25
= 710,50
Bi? = B, © s = Bro,221 ‘ = B10,45
an? = aft = 75 1593 ‘ =aft = 5002
= /BRl.o.fz plo-fa Bs, b’;l(f2) Bs; = ai:l(ffz)
s1 stsq 3 N 2
Tlo.f> 20- [t —20]" = 1592 20-[t=20]" = 5-t+24135
s1
31 7
t= 27— t= 42—
32 9
= = 510,27% = 510,42%
T.o. 2 o 2 .0.
Bol? = Brioss qloss Qi1 B = Bro,5018 Qi1 B = Brogrz
B> = bP B> = b
151" 71"
I 10- |t —=50—=| = 25 10- [t —87—| = 25
pr -] 3]
31 5
t= 52— t= 90—
5 32 . 18
of (T ) = 550 +25 | ok (Tif?) = 5875 425
B2 32 1 9 5
7732 639




PMOO

Arbitrary Multiplexing

z(f2)

of; + o33

< Ols, V5,25 + V5,25
2
710,50
ai}(fz)
z(f2)
aSl — —
51 afl(fZ) - ag? - 75,241%
= A )
Rlo-f2 ie{2,1}
eZe _ _ _
gLof = Bploss ploss = (20—-10) A (20 —5)
e2e 1 e2e — 10
= Z <T‘1 + = +17‘ ) —
A ' R:S: 2
ie{2,1} e2e
50 410 - 20 2412 +5-20
0. = 2 —_ 1+ 2 imaiat: B —
Tt O+ = T20+ — 5
= 104 245
N 10
= 991
_ 6
= 510,99%
51~20~f2 _ NE
1
D 10 - {t—996] = 25
2
t= 101-
. 3
. ol (T;;;h) = 5-992 425
2
B 5

520~
6




Flow f3

Total Flow Analysis

Analysis

PbooArrivalBound_Concatenation. java

TFA FIFO Multiplexing Arbitrary Multiplexing
PbooArrivalBound_Concatenation. java \ PmooArrivalBound. java
= aj+taltof
g, ¥5,25 + V5,25 + V5,25
52 V15,75
Bb—i - bS2 652 = Ay
Df: 20-t-20"= 75 20-[t—20]" = 15-t+75
t = 23% t= 95
Bfs A, (TS2) = 15-20+75
2 = 375
= ozfg + ozfﬁ = afg + afg
Qs = 75,25 T V51371 = 7525 + V5,250
%0 = V10,1624 = 710,275
Bso = b‘?lo 550 = Qsq
D 20 - [t —20]" = 1627 20- [t —20]" = 10-t+275
50
1
1 -
t= 28 b= 675
. 2
pr | (Ty,) = 10-20+ 162? sy (Toy) = 10-20 4 275
S0
= 2625 = 475
- ald+alt+als | = alo +alt +aft ald +all +af
Qs V52033 T V5,1371 T V5,2432 = Vs4s8L T V5,250 + V53012 V54581 + 75,250 + V54121
53 = V15,675 | = 15,1100 = V15,1208
BSS = bss BS;} = Qgqy /BSS B a353
+_ t=
D 20 - [t — 20" = 67; 20.[t—20]" = 15-¢+1100 | 20 [t =207 = 15-¢+1120¢
t= 53 t= 300 B 1
4 t= 3046
)
B | s (Te) = 15204675 gy (Toy) = 1520+ 1100 | @ss (Tsg) = 15-204+ 11202
% = 975 1400 _ 14202
6
D DJs + DIs + DI* = 1052 DIs + DIs + DI* = 4623 DIs + DJs + DI = 4663
B3 max { B, Bfs, Bl:} = 975 max { B2, Bls, Bl:} =1400 | max{Bl?, Bls, Bl*] = 14202




Separate Flow Analysis and PMOOQO Analysis

Analyses
’ SFA \ FIFO Multiplexing \ Arbitrary Multiplexing
= aj+al
s afﬁfg’) = 75,25 + 75,25
2
= 710,50
Bi';“f?’ = Bs, © an(fg) = 510?22% ‘ = B10,45
s st =ald =595
0 lo.fs _ z(J3) — —
50" = Bso © s = Bis,211 = Bis281
= ol = el
s V5,2932 + V5,137 = s,581 T 75,250
S3 = 7104311 _ = 710,7081
l.o. x(f3) —
bods = g, ©azt) | BiP W;B) ] =10 757
= 5R1.o.f3 plo-f3 553 = b§3' 3 553 = O‘§3 3
w37 ole 1 1
Tlo-fs 20- [t —20]" = 4315 2-[t—20]" = 10-t+ 7083
S3
9 5
t= 41— t= 110
16 6
= = 510,41% = 510,110%
T.o. o. .0.
Bz = Briots plots ®i—q2,0,) BT = Bro,s55 ®i—(2,03 B0 = Br0,1841
A CiE
517 1"
f 10- [t —=85—| = 25 10- |t —184—| = 25
s i s
13 2
t= 87— t= 186-
5 16 I 3
o (T ) = 5-85-+25 | ol (Tiph*) = 51842 425
B3 16 9 . 6 5
= 451 — = 945—
16 6




PMOO

Arbitrary Multiplexing

z(f3)

= aftaj

S Qsz = 75,25 + 75,25
= 710,50
af(f:s)
z(f3)
g
50 a;fffs) = afd =505
50
= ot
55 a2 V5,4581 + 75,250
= 10,7081
ai(fe:)
S3
Rlo-fs i€{2,0,3}
e2e
ﬁé;éfs _ ﬂRl&fs plots (20 - ].0) AN (20 — 5) AN (20 - 10)
e2e 1" e2e
— 10
bi(f?.) + r:{{fs) T
1€{2,0,3} e2e
50 + 10 - 20 25 +5-20 7081 + 10 - 20
l.o. 04+ —— 420+ == T 404 —3 &
Ty Tt T T AT 10
60+ 12831
10
1
188§
- = ﬁ10,188§
Bl = b
11+
Dfs 10 - [t — 1883} = 25
5
X 1
oft (T ) = 51885 +25
Bfs 3

2
966 -
3




FeedForward 1SC 2Flows 1AC 2Paths

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}

Flow fo
Total Flow Analysis

Arrival Bounds

(51’ {fl} ) (Z)) = O‘Q
(s2,{fo},0) = al° FIFO Multiplexing Arbitrary Multiplexing
= afr with (n,i) € {(1,1),(0,2)}
Oéf(ff") = 75,25
l.o.fn _
ot = By, s ozt R g )
= ﬁ lo.f lo.f /63 = szon /830: aio "
Rag " Tsg " +_ +_
Tlo.fn 20- [t —20]" = 25 20-[t—20]" = 5-t+25
O t= 21 L t= 28 L
_ 4 _ 3
= :ﬂ15,21i :515,25%
sty |y | O OT) = g2 | @R (TP0) = 5285425
" = 131 L = 166 2
_ 4 _ 3
= = 75,1311 = 75,1662
’ (s2,{f1},0) = ag FIFO Multiplexing \ Arbitrary Multiplexing
045; = alt o (5L:f1 ® 5&;)7%)
(reuse of previous result)
= afl %) Bi;:fl Q ﬁ;lofl
= a!:i %) ﬁ;lo-fl
Oéil(fl) = 70,0
gy =B, 6 a? ) = Bs; =P20,20
afl = 75,1311 ‘ = 75,1662
aft = ot o gloh ri1 = 5 ,
l.o. o l.o. o
= Nt | afo (TheJo) = 5:20+ 131 afo (Thedo) = 520+ 1663
1 2
= 231— = 266 —
4 3
= = 75,2311 = 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 ‘
— afo 1 of
Qs ¥5,25 + V5,25
50 710,50
/Bq-‘t - bso ﬁso = Qg
Dio 20-[t=20]" = 50 20 [t —20]" = 10-¢+50
t= 22% t= 45
o sy (15,) = 10-20+50
5o = 250
= afy +al; = afy +al}
Q. V5,231 V51311 V52662 T V5,1662
82 = V10,3621 = V10,4331
582 - bS2 ﬂSQ = Qg
1 1
Dio 20- [t —20]" = 3625 20-[t—20" = 10-t+ 433
52
1 1
t= 38= t= 83—
8 I 13
Ay (T) = 10-2043625 | g, (Ty) = 1020 +433;
Bfo
52 1 1
= 562— = 633 -
2 3
T
DJo >0y DIY =603 Di—jo.y DI = 1285
BJo max;_ o2y BJ* = 5623 max,_ o2y BI* = 6333
Separate Flow Analysis and PMOOQO Analysis
Arrival Bounds
’ (s2,{f1}, fo) = ol FIFO Multiplexing ‘ Arbitrary Multiplexing
’ oﬂ:é = ol %) (ﬁ'ls-glfl ® ﬁ}gf-fl)
afgf‘)) = 75,25
glofi = g o sl RLo-T =15
8 %0 By = bTD Byy = pY6i)
= lo.f1 mpl.o.fy S0 s S0
Reo™ 1o Tlo.fi 20 [t — 20" 25 20-[t—20]" = 5-t+25
’ 1 1
t= 211 t= 28§
= :515,21% :615,28%
s = 70,0
pLo-t =B, © Oéx(fl) = Bs, =520,20
ﬂlofl /Bl.o‘fl — ﬂlofl = ﬁlDfl@ﬁSl = 5lof1 ®BS1
v B s <lsofsl = PBis211 ® B2o,20 Bis,281 © Ba0,20
= of1  mlofy
Riosn Tisisn) = ﬁ15’41% = 515,48§
o. o. b _
ozf:; = o' (51 fi ®51 fl) o051 i =5 :
f l.o.f1 o . - f Lo.f1 _ . _
Tr {510 s1)’ {510 s1) f1 at (T<SO’51>) =5 414 +25 at (T<SO"31>) =0 483 +25
(s0,51) 1 2
= 2311 = 266§
= = 75,2311 = 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
Oéiéfo) =alt =595
Lo. . RLo-fo R z(fo) * =15
S0 Sf»fo = Bs© a?éfO) 50" so — Tso =
= /BRl,o.fO Tlo-fo Bso = b?(gfu) Bsy = ai;'(gfo)
SO b SO
Tlo.fo 2-[t—20" = 25 20-[t—20]" = 5-t+25
S0
1 1
t= 21— t= 28—
4 3
= = 515,21% = ﬂ15728%
Oé-ff.ng) = V5,2311 ‘ = 75,2662
1 Rl-O-fo R z(fo) + =15
52 Bs.:.fo = Bs9 Oézjgf()) S2 s2 — Tso -
= ﬂRl.o.fO lo-fo ﬁsz = bfg(fO) ﬁsz = O‘Zg(f())
o5 10T, 1 9
Tl fo 20- [t —20]" = 231 20-[t—20" = 5-t+ 2665
52
9 4
t= 31— t= 44—
16 9
= = 515,31% = 515,44%
To.
/Be2ef0 = *BRL;:J’O,TS"Z‘:fO ®1'2{0,2} Bgio'fo = 515,52% ®i:{0,2} 5}41-0')00 = 5157725
Bl.zo.fo _ pfo 51-20~f0 — plo
1317 71t
b 15- [t—52—| = 25 15- (t—72-| = 25
e 5] -]
23 4
t= 54 t= T4=
153 48 ; 9
afo (Tel';;f“) = 5.52>+25 | ol (T;;;fO) = 5.72-+25
Bfo 16 1 9 8
= 289 — = 388—
16 9
PMOO ‘ Arbitrary Multiplexing
) o, .
0 ag(gfo) 5,25
i -
52 Olsiéf()) = 75,2662
— /\ (RS _ T‘f,(f“))
RL-o-fo i€{0,2}
eZe _ _ _
5‘13-209-f0 — 5R1_0,f0 70 fo (20 5) A (20 5)
e2e ' e2e — 15
b?(fo) g(fo) T,
‘ g R .0.fo
1€{0,2} e2e
25 +5 - 20 2662 + 5 - 20
Lo. f = 20+ """ 4+204 —3 ——
Tt T T 15
= 104 290
- 15
7
= 72—
9
- - ﬁ15,72g
Bislo = bP
71+
Do 15 - {t 729} = 25
4
t= 74—
- 9
alo (T;;;ff)) = 5-72-+25
Bfo 9 .
= 388 —
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Flow fl

Total Flow Analysis

Arrival Bounds

(817 {fl} ) (Z)) = O‘Q
(s2,{fo},0) = alo FIFO Multiplexing Arbitrary Multiplexing
= af» with (n,i) € {(1,1),(0,2)}
’ azn = afn (%) Big’fn
a:Sf") V5,25
Lofu _ e(fn) | RLOTn =15
s0 Bso S Qg 0 ﬁ — bﬂﬂ(fn) B — af(fn)
= ﬁRLo.fn Tlo-fn S0 S0 S0 50
0T Tlofa | 20-[t—20]" = 25 [ 20-[t—20]" = 5-t+25
S0
1 1
t= 21- t= 28
4 3
= 2515,21% :515,25%
rgf; =35
O‘gf =afr @ ﬁi:f'n bqs‘? ato (Tslbo'j”) = 131% alo (T;;)o.fn) = 166%
= = V51311 = 75,1662

| (52, {f1},0) = al!

‘ FIFO Multiplexing ‘ Arbitrary Multiplexing ‘

’ a{; —al' o <5£.§.f1 ) 6L-F-fl) N 5L£>-f1 7 52104’1 — QQ o 5210»1‘1 ‘

O‘Lfl(fl) = 70,0
5;1(””1 =, © agl(fl) = B4, =520,20
af! = 75,1311 ‘ = 75,1662
7 —
ai; = Oégi ®ﬁ\1910f1 Z}g% Jo Tl.o.jo _ 2311 =5 Jo Tl.o.jo — 2662
= o @ ploh sy | @ ( 50 )— 1 @ ( 50 )— 3
S1 = = 752:51% = 75,266%
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
50 650 - bso ﬁsn = Qs
+
Dio 20-[t=20]" = 50 20 [t —20]* = 10-¢+50
t= 22% t= 45
B tey (I5,) = 10204 50
5o = 250
(e} =all = 1 =all = 2
s1 51 — 75,1311 51 — 75,1662
S1 FIFO per micro flow
le = b31 o b
+ 1 /881 - S1
1 20t —20]" = 131-
Di; [t = 20) 1 20 [t—20]" = 1662
9 3
t= 26— 1
16 t= 28—
1 2 3
ag, (T,) = 5-20+ 131> s, (Ts,) = 5-20+ 166>
Bfl 4 3
" - 2317 - 2662
_ 4 _ 3
= of} +of} = of} +of}
Qg = Vs5,231% T V51312 = V52662 T V5,1662
52 = V10,3621 = V10,4331
682 = bSQ ﬂSQ = a32
1 1
Dh 20- [t —20]" = 362 20-[t—20" = 10-t+ 4335
S2
t= 38 L t= 831
_ 8 _ 3
on | o (T) = 10-20+362; | au, (T,) = 10-20+ 4333
1
52 1 1
= 562— = 633 -
2 3
2 2
D’ 2o Bsfj = 871% dico @Z} = 156%
BT max?_, BI' = 5627 max?_, BI' = 6331

Separate Flow Analysis and PMOO Analysis

Arrival Bounds

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

’ alo = o 0 ﬁl-o-fo ‘
S2 S0

a?éfo) - = 5,25
lLo.fo _ z(fo) | R;OJ0 =15
. Bﬁso o B B = 6200 Bso = o2 (70)
= Lo.fg ~l.o.fo Y S0 S0 S0
Rso 7T50 Lo.fo 20 t_20+: 25 20 t_20+: 5t+25
T
S0
1 1
t= 21— t = 28~
4 3
= :515,2% :515,28%
fo —
fo _ fo L.o.fo T =5
all = o’ 0P, S2
S N B o N 520 1 BT A ZO R
= o @ 632 = = f)/57131% — 75,166%

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
a2t = alo =555
EE
0 Rioh Ry =72 =15
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52 S s
B};’;'fl =B, © Oz;(fl) Bs, = bgrz(ﬁ) Bsy = aﬁz(fl)
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36 T 559




PMOO

Arbitrary Multiplexing

S0 a%?i = 75,25
ag(i 1) ’
z(f1
S1 ag?fl) = 70,0
s
a;(fl)
52 z = 75,1662
asgfl) 3
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b’f_(fl) éc_(fl) T,
i R .0.f1
1€{0,1,2} e2e
25+5-20 0+0-20 1662 +5-20
0. 2 —_— 42 — 4+ 2 s E—
Tel%fs 0+ 5 + 20 + 5 + 20 + 5
60 + 391%
15
1
86—
9
- = ﬂ15,86%
61;~.f1 _ b
11"
D1 15- [t — 869} = 25
7
t= 87—
I 9
ol (T;g;fl) — 5-86=+25
BN 9 .
= 455—

9




