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General Information

The nomenclature used in this document is detailed in nomenclature.pdf.
Arrival bound computations are equivalent to the PbooArrivalBound_Output_PerHop. java class.
The end-to-end left-over service curve for PBOO arrival bounds can be computed by simply convolving the server-local ones.

Arrival bounds for PmooArrivalBound. java and analyses using them are listed only if results are different to PBOO.



FeedForward 1SC 3Flows 1AC 3Paths

® Bso = Bs; = Bs, = Bss = Br., 1., = 20,20, 1 € {0,1,2}
° ]:: {f07f17f2}

e oo = gft = of2 = Vpds yls = V5,25, je {0’ 1,2}



The above topology can be transformed into an equivalent one by removing the unused edges:

arrivalBound(ss, {f1},G), G € P(F\{f2}) = af!
’ EN s FIFO MUX ARB MUX
— arrivalBound(s1, {2} .G), G' € P(F\ {f1}) = af? O_MU RB_
afi =ali =l = 5,25
ozfzfi :af,jl zosz =aolt =al? i e {1,2} = 525
R Ry =1l 7 =15
ﬁ;.;.fz =B, © agpi — *BRL;”” ,Ti'z‘"f?‘ Bs, = b§2j7 Bs, = agﬁ
Tho.fi 20-[t—20t= 25 20-[t—20]t= 5-t+25
S2
1 1
t= 21- t= 28—
4 3
= 515,21% = 615,28%
al2 = ot = oli @ glo-Ti rl2 =l =5
= b =bh T(TIoT) = 5212 + 25 = 181 | of (T197) = 5 - 28 + 25 = 1662
=Ytz piz = Volt of2 s = by alt(Ti 1) =5-213 + 25 = 1315 | ol (T>77) = 5285 + 25 = 1663
= = V5,131 = 75,1662




arrivalBound(sy1, {fo},G), G € P(F\{f2}) = osz
= arrivalBound(ss, {f1},G6' U{f2}), G’ € P(F) =aft | FIFO_MUX ARB_MUX
= arrivalBound(s1, { fo} ,G" U{f1}), G" € P(F) = af?
agg =alo = a{; =alt = a{; = a2 = 75,25
affo = oflt = atl = 0.0
5;‘5% = By = 5i‘§‘fl =fs, = 5i‘§‘fl = BRio. 1o = 20,20
oft =¥ @ Buy = 7,10 10 rfo=rli =1l =5
=ali=af 0f, =np,, | W=0h=0F | of(T"")=5201%=1%i€(0,17
= af;f — a.f2 %) ﬂSQ = ’Yrgf,bgf = = 75,125
arrivalBound(s3, {f0},9), G € P ({/o}) = al0 | FIFO MUX \ ARB_MUX
af‘f = 75,125
zfo — A F2 — =
Xy Qg V5,131 ‘ 75,1662
. . Ry Jo (R, —rgloT" =15
PP = s © 3l = Bptso iy o= 0P B = ail?
1 2
7.0 fo 20 - [t —20]" = 1317 20-[t—201" = 5-t+ 1665
S1
9 7
t= 26— t= 37—
16 8
- - 615,26% - 515,375
r{;’ =5
aofy = ald @ B =00 110 blo [ ol (THoT0) =5-262 + 125 = 25753 [ alo(T1°7°) = 5-37% 1 125 = 3133
= = T5,25712 = 75,3138




arrivalBound(ss3, {fo}, {f1}) = af° FIFO_MUX \ ARB_ MUX
045‘3 = 75,125
aflo = oft = 75,125
1 Rgf-fo [Rs, — 1"f,1f0]jL =15
ﬂs'lo'fo =0 © afifo = ﬂRiff'fO,Tif'f“ Bs, = b?f‘o Bs, = a®fo
+_ 51 51
Tho-fo 20- [t —20" = 12f 20 [t— 20t = 5.1+ 125
t= 26= t= 35
4
= = 15,261 = 15,35
rlo =9
afo = afo @ B =750 B [ alo(TFo70) = 5 - 261 + 125 = 2561 | al0(1577°) = 535 + 125 = 300
= = 75,2561 = 75,300




Flow f; (comparable to Tandem 1SC_ 2Flows 1SC _2Paths)

Arrival bound abstraction of fj’s cross flows leads to a tree topology comparable to Tandem 1SC 2Flows 1SC_2Paths:




TFA FIFO _MUX ‘ ARB_MUX
Qsy = Ozfg = 75,25
S0 FIFO per micro flow
Bs, = b
20 - [t 20]8+0 _ Bro = bao
D - 20-[t—20]" = 25
t= 21- 1
4 t= 211
B an(Toy) = 20-57125
50 = 125
as, = afo +al? = 5,125 + V5,131 = V10,2561 = V5,125 + ¥5,1662 = V10,2012
S1 ﬂsl = b31 551 = Qg
1 2
Do 20- [t —20]" = 256 20 - [t — 20|t = 10-1+2915
13 1
t= 32— t= 69—
16 U
; as, (Ts,) = 10-20+ 2561 as, (Ts,) = 10-20+ 2915
BJo
S1 1 2
= 456— = 491 -
4 3
ag, =aly +all | = V5,25712 V51311 = V10,389 | = V5,3138 t V5,1662 = V10,4803
83 Bsx = b33 BS3 = Asgy
1 5
Do 20- [t — 20|t = 389E 20- [t —20]" = 10-t+480§
29 5
t= 39— t= 88—
64 I gO
gy (Tss) = 10-20+ 389176 Qsgy (ng) = 10-20+ 480§
B 1 5
= 5890— = 680—
16 9
DJo Zz‘:{o,m} D£O - 93% Zi:{O,l,S} Dgf = 178%
BJo max;_(o,1,33 bl° = 589+ max;_{o,1,33 bI° = 6805




SFA FIFO_MUX [ ARB_MUX

S0 agofo = 70,0
BT = By, © atlo = 20,20
ajfo = al? = 75,1311 ‘ = 75,1662
5 BT = uy © aZl" 3500 (7, il T =15
Bs, = b§f° Bs, = aiifo
1 2
Tlo.fo 20 - [t —20]" = 1317 20-[t—201" = 5-t+ 1662
S1
9 7
t= 26— t= 37
16 9
- 515,26% - ﬂ15,37g
aZlo = a1 = Y5,1311 ‘ = V5,1662
s3 Ro-To Ry, —rilo]T =15
6;?~f0 = 653 O aigo = ﬁRls';fU,Tsl';'fo 653 = bf!o 533 = Oéf:go
1 2
TLo.fo 20 - [t — 20|t = 1317 20-[t—20]T = 5-t+166=
s3
9 7
t= 26— t= 37
16 9
- - 515,26% - ﬂ15,37g
To. o. .0.
6e20ef0 = BRL-ge-f'07T;-2‘;-f0 ®i:{0,1,3} Bi} fo = ﬂ15,73§ ®i:{0,1,3} B}si fo = 515,953
Barl® = o Bt = ol
1 5
Do 15- [t — 73§]+ = 25 15- [t — 95§]Jr = 2
19 2
t= Td— t= 97—
. 24 - 9
. afo(Tily = 5. T35+ 25 afo(Tily = 5. 955 + 25
BJo
5 7
= 390— = 502~
8 9




PMOO ARB_MUX
ZL’/fg —
Qg = 70,0
s 50 ,
0 O[f[‘)fo = 7070
st af o =af2 = 75,1662
allo = af? = V5,1662
. i =l S
aflo =al! = 75,1662
Lo.fo _ o = (20—5)A (20 —5) A (20 —5)
e R = Avctosay (B 20 - s
e | = Rl.;.fo Tl.zo.fo 0 o 5
e2e 1 Lee +0-204166% 4+ 5-204 1665 4+ 5-20
= 20+20+20+ . B 3
lLo.fo _ 2 ic(0,1,3} bf;fo""rffo'Tbi 5331
Too' = Yicfo,3} Isi T . ( ) 60 + 153
5
95—
9
= = 515,953
61»20-f0 _ bfo
5
Do 15[t — 95§]+ = 25
2
t= 97—
5 9
afo(Th oy = 5.952 425
Bfo 9

7
502~
09

(See [1] for details)




Flow f1




TFA FIFO_MUX \ ARB_MUX
Ay = a{; + afﬁ = 710,50
S2 Bs, = bs, Bsy = Qg,
+_
DI 20-[t—201" = 50 20 - [t — 20/ = 10-t+50
t= 22% t= 45
Bh A, (TS2) = 20-10+50
2 = 250
ag, =afy +all | = V525718 + V51311 = V10,389 | = V5,3138 + V51662 = V10,4803
83 /833 = b33 /833 = a53
1 5
Dh 20 - [t —20]" = 3892 20-[t—20]" = 10-t+ 480§
53
29 5
t= 39— t= 88—
64 I 5?0
s, (Ts,) = 1020 + 389— g, (Ty,) = 10 -20 + 480~
Bh 116 g
53
= 589 — = 680~
16 9
DI S, DI =618 S0, D' =1853
BN max;_(o,3) bl = 5891

max;_(s 3} bf* = 6803




SFA FIFO_MUX \ ARB_MUX
o Oﬁfl — OzfQ — o2 = Y525
Bay” = ﬁsz Sagf = Bis 11 ‘ = Bis281
agl = a{g = 75,2561 = 75,300
o LR T =T
5 553 © s ﬁRls.s i 1T33 n ﬁs& - bsdll BSS = a;C‘sfl
Tlo.f1 20 - [t —20]" = 256 20- [t —20]" = 5-¢+ 300
S3
2
13 t = 462
t= 32—
16 3
= :6103 212 = fis 462
Bt = BRle-ge»fl Tl ®Z o Bhot = B, 15,544 ®2 o BLoT = Big 75
lo.f1 _ f1 o.f1
S Bt = "
Dh 15[t — 54E]+ = 25 15-t—75"= 25
2
35 t= T6=
t= 55—
48 3
oI (T = 5. 541 1 95 Lo.fi
Bf1 e2e 16 (Te2e ) = 5-75+25
= 2052 = 400

16




PMOO ARB_MUX

So af2f1 - O‘g = 75,25
allt = a2 = 75,25
53 af ' = ol = 75,300
oflt = alo = 75,300
o x = (0 5A
Re?efl = /\ie{2,3} (Bs, — Tsifl) —
Bi:.;e.fl = BRI""fl Thof1 — 25+5-20+ 5(1)8 +5-20
e2e e2e _ 20 + 20 + 15
lo.fi Yic(2.3} (bfl 1 +Tfifl 'T5i>
TeQe b= Zie{273} TSi + Rl';"fl — 40 + 5725
e 15
= 75
- = B15,75
Bt = ol
Dh 15-[t—75" = 25
2
t= 7T76-
. 3
Bf1 alt (Te'z?s'fl) = 5-7+25
= 400




Flow f2




TFA FIFO MUX \ ARB_MUX
Qsy = af; + Oéfﬁ = 710,50
S2 Bs, = bs, Bsy, = Qg,
+
DY: 20-[t—20" = 50 20 [t —20]* = 10-t+50
t= 22% t= 45
Bf2 aSQ (TSQ) = 20 : 10 + 50
52 = 250
asy = af +all | =75125 + Y5131 = V02561 | = V5,125 + V51662 = V10,2012
81 ﬁ81 = bS1 /681 = aSl
1 2
DI 20- [t — 20|t = 256 20 - [t —20]" = 10-#+291
S1
13 1
t= 32— t= 69—
16 5b
b as, (Ts,) = 10-20 + 256 as, (Ts,) = 10-20 + 2913
2
51 1 2
— 456~ = 491~
4 3
D/ S Df =552 > Df=1141
.Bf2 max,»z{lg} bgz = 456% Inaxiz{lg} b£2 = 491%




SFA FIFO_MUX [ ARB_MUX
5 : ffrfz = 0‘5; = 5,25
55;?' 2 =05 © O‘fgl = ﬂ15,21% ‘ = 615,28%
afjlfi* = 045‘1’ = V5,125

RO [R., — [T =15
S1 ﬁl'o'hzﬁ eaﬂﬂfz:ﬁ Lo fy ril.o.f = B = b1 :
51 519 Q) REyI2 1l 02 LT T Bs = oyl
Tlot: 20 [t—20]" = 125 20 [t— 201" = 5-t+125
o) 1
t= 26- t= 35
4
= = Bis,261 = 15,35
Bi'ziifz = ﬁRL’;’e’thiih ®?:1 pLot = Bis,a7i ®?:1 pLo-f2 = B1s,631
Bl;efz _ bfz Bi_;éfz _ be
' 1
Df2 15 [t—475]" = 25 15[t — 63%}* = 25
1
t= 49 t= 65
- |
ol (T 2y = 5472425 | o>(T027) = 5.635 425
B2 2 1 ’ 2
= 262= = 341
2 3




PMOO ARB_MUX
$2 og,” = all = 5,25
agl? = ol = 5,25
. o f2 = qfo = 5,125
ol = alo = 95,125
Lot . = (20—5)A (20 —5)
o RS = Nocgony (R~ 125) - s
e2e = PRigta rlod 25T 520 F 125 F 520
o 20 +20 + =2 Jlr5 +
lo.fo > {2,1} b?;f2+7§;f2'TSi 350
TeZe ?= Zi€{2,1} Tsi + K (Ri‘é’;,fQ ) 40 + ﬁ
1
63—
3
- = ﬁ15763%
B = v
1
D72 15[t~ 635]7 = 25
t= 65
T
o2 (T2 = 5.63- 425
B2 3

2
= 341~
3




FeedForward 1SC 4Flows 1AC 4Paths

. ﬁso = le = 652 = ﬂ%g = ﬁstTsi = 6207207 1€ {0, 1,2,3}
o F={fo, f1, [, f3}

o aft =7 1, =505, 7 €{0,1,2,3}



arrivalBound(ss, {f1},G), G € P(F\ {/f2, f3}) = af;
= arrivalBound(sy, {f2},G"), ¢’ € P(F\ {f1, f3}) = aﬁ; FIFO_MUX ARB_MUX
— arrivalBound(so, {f3} ’ g”) ’ g/, P (‘F\ {flv f2}) - O‘si
alf =alt=alz=al=alf =alt =ali, i€ {1,2,3} = V5,25
arlt = ot = ailr = o = 710,50
| | RET Rl = T5
profi = B, & a®fi = Rlo s o Bey = BT B, = ali
+_
Tho-fi 20-[t—20" = 50 20-[t—20]* = 10-¢+ 50
1
t= 22— t= 45
2
= = 510,22% = 510,45
O["):i :O{fl @ﬂlgzofl :’YT{%b{é ’I‘{; :’I"{l2 :7’{3 :5
=alt =al 0Bl =5 b =bF =0 | ol (IL07) =5-228 +25=137% | of (T1077) = 545 + 25 = 250
=als =alfs o g0 = Vrds pis = = 75,1371 = 75,250
arrivalBound(s1, {f0},9), G € P ({fo}) = af° | FIFO_MUX \ ARB_MUX
aly = al® = 75,25
af[{o = a£g = V51373 ‘ = 75,250
RLo-fo [R ﬂﬁfo]-‘r =15
S0
BL.;).fo = Bso o a?{{ﬂ = BRL'S'fO7Tl'()0'fO 580 — b:{{o 680 _ ot o
1 o
Tlo-fo 20 [t 20" = 1373 20 [t — 20" = 5.+ 250
so0
1
7 - -
= = 515,261 = 515,43§
rJo -5
s1
afo = alo o plodo = Vpfo blo bl oo (TLo-J0)y =5.26% 4+ 25 = 1593 [ alo(T5o70) =5-43% + 25 = 2412
= = 75,1592 = 75,2412




PBOO-AB:

| arrivalBound(ss, {f3},G), G € P ({f3}) = of? FIFO MUX \ ARB_MUX
als = Y5,1373 ‘ = 75,250
042?({3 —= Jo = Y525
RLo-Js [Ry, —rils]T =15
lo.fs _ xfs = i 0 S0 7
/650 - BSO S OZSO = 6Rlé:§.f37Tibo-f3 BSO = blo /880 = o’
Tlo.fs 20-[t—20t= 25 20-[t—20]" = 5-t+25
S0
1 1
t= 21- t= 28—
4 3
= = 515 211 = 615,28%
r;‘g =5
afy =ali 0 B3 =10 450 bls | ol (TIo73) =5- 211 1 1371 = 243% | of3(TL°75) =5 . 281 + 250 = 3912
= = 75,2433 = 75,3012
PMOO-AB, ARB_MUX:
l.o.f _
Plovsnr = Prigis, ot
with
l.o.f: _ T
<30,832> - /\ (Rsl —Ts; 3)
1€4{0,2}
= (20—-10) A (20 —5)
= 10
z' f zfs
l.o.f3 _ Z T4 Zie{O,Q} (bs7 3 +rsis Tsi)
(s0,82) Si Lo.fs
i€{0,2} (80,82)
75+ 0%204 520
— 904904 20X EO
10
1
= T7=
2
_ Lo.f
aﬁ = aho 5<80,832>

¥5,25 @ PBro,771

= V54123




arrivalBound(ss, {f0},69), G € P ({fo}) = ol | FIFO_MUX \ ARB_MUX
af:? = 75,1593 = V5,2412
ajfo =alz, = (al2)” = V5.1371 = 75,250
1 RL’f'fO [Rsl _ rgforr =15
ﬁs‘f‘fo = 651 & aglfo = ﬁRL"i"f07Tsl'1°'f0 /881 = bflflo 551 = Oé?lfu
oo 20 [t — 20" = 1373 20 [t —20]" = 5.+ 250
s1 1
t= 26% b= 433
= = 515,261 = ﬂ15,43%
rfg =5
ofp = ol @ BPIo =50 10 Blo | alo(T5o70) = 5261 + 1592 = 2038 | alo(TLo79) = 5 43% 1 2412 = 4581
= = 75,2033 = 75,4581
arrivalBound(so, {f3},{f1})
= arrivalBound(so, {f3}, {f2}) = agg ;
arrivalBound(s1, { f2}, {f1}) FIFO _MUX ARB_MUX
= arrivalBound(s1, { f2}, {f3}) = af2 ;
arrivalBound(ss, {f1},{f3}) = o}
ali =ali, i€ {1,2,3} = 5.25
aZli = 75,25
1 Rlsﬁf [Rs, —r2li]T =15
55'20'f1 = 552 © agjl = BRL';“,T;';‘“ 632 = bfgl 582 = afgfl
Tlo.fi 20-[t—20t= 25 20-[t—201t= 5-t+25
s2
1 1
t 21— t= 28—
4 3
= = 510,21% = ﬁ10,28%
r{é =5
ofi =aly @ B3 =, 1 Bl | ol (THo7) =5-21% + 25 = 1261 | ol (1.7) = 5 - 281 § 25 — 1662
= = 75,1311 = 75,1662




arrivalBound(sy, {fo} . {/1}) FIFO_MUX ARB_MUX
= arrivalBound(s1, { fo} , { f2}) = a"
aft = alo = V5,25
aglo =als = ¥5,1311 ‘ = 75,1662
. . R T [Ry, —ril)]t =15
B(ls'[?'jo = 530 S) 015({0 = BRL‘S"fO,T;bO'fU 650 = b;;go ﬁso = O‘?gu
1 2
Tlo.fo 20- [t —20]" = 1317 20-[t—20]"T = 5-t+ 1665
S0
9 7
16 9
= = ﬂ15,26% = ﬂ15,37g
rfo =5
S1
ofy = ol @ B3 =00 10 b0 [ alo(T1oT0) =5-262 + 25 = 15753 | alo(T107°) = 5-37% 4 25 = 2133
= = T5,15718 = 75,2138
arrivalBound(ss, {f3} , {/1}) ; FIFO_MUX ARB_MUX
= arrivalBound(ss, {f3},{f2}) = a3 - -
als = 75,1311 ‘ = 75,1662
a::(‘)fa — afO = ’)/5725
RET Ro =7l =15
B}q'é)'fg = Bso © O‘?({B = BRL'S'fg,Tibo'fB ﬁso = p7o ﬁso = a’o
Tho.f3 20-[t—20]" = 25 20-[t—20]" = 5-t+25
f— 212 t= 282
T4 _ 3
- - 515,21% = ﬂ15,28§
rfs =5
S3
afy =aly 0 B3 =0 10 blr | ol (T-o77) = 5212 + 131 = 2321 | al? (T577) = 5 - 281 1 1662 — 3081
= = 75,2371 = 75,3081




arrivalBound(ss3, {fo}, {f1}) = af° FIFO_MUX \ ARB_MUX
afo = V5,15712 = 75,2135
a;’lfo = aﬁf = V5,1311 = V5,1662
RLo-To [Rs, —rZlo]F =15
BLodo = By, © atfo = BRL,T.foI;.lo,fo Bey = I Bsy = alfo
1 2
TLo.fo 20 - [t —20]" = 1317 20-[t—20]" = 5-t+ 1665
S1
9 7
t= 26— t= 37—
16 9
= = ﬂ15,26% = 515,373
’I“ng =5
ofy = a2 @ BP0 = 7,10 1o blo | ol (THoT0) =526 + 1572 = 2002 | alo(TL070) = 5-37% 1 2138 = 402%
= = 75,2902 = V5,402
| arrivalBound(ss, {f3},{fo}) = af® | FIFO MUX \ ARB_MUX
afy = V5,1371 \ = 75,250
aZls = 7,0
BLoTs = By, = ﬁRls-g-fszSI;)O-fs = /320,20
7‘{; =5
ofy =als @ B =0y [ B | @l (TE07%) =520+ 1875 = 237 | afs(T57%) = 5-20 + 250 = 350
= = 75,2371 = 75,350
arrivalBound(s1, {fo},{fs}) =f° | FIFO_MUX [ ARB_MUX |
04{8 =alo = 5,25
azfo = 7.0
BioTo = By, © atlo = B20,20
T.zgsl = 5
ot =aly @ B =00 yro [0, [P (TL070) =520+ 25 = 125
= = 75,125




arrivalBound(ss3, {fo}, {f3}) = af° FIFO_MUX \ ARB_MUX
afo = alo = 5,125
aflo =al = Y5,1311 = V5,1662
lL.o.f x f Rlsi)-fo [Rsl — Tgf0]+ =15
Bs}' 0 — 651 o a-szlo — ﬁRL’f'f07Tlf'f° 550 — bz({o Bso — az({o
1 2
70 fo 20 - [t —20]t = 1317 20-[t—20]" = 5-t+ 1665
s1
9 7
t= 26— t= .-
616 5 9
= = B15,261% = 515,375
Jo —
ri%. =5
ofy =t 0 B =0 yro [l | ol (TLT) =526 + 125 = 257 | ol (Lh07) = 5 - 374 + 125 = 3135
= = 75,2578 = 75,3138




Flow f,




PBOO-AB:

TFA FIFO_MUX ARB MUX
Qg, = afg + a{g = V5,25 + V5,1371 = Y10,1623 = 75,25 + V5,250 = 710,275
S0 BSO = bSO Bso = gy
1
Do 20- [t —20]" = 1625 20-[t—20]" = 10-t+ 275
50
1
1 t= 67—
t= 28
8 2
o as,(Ts,) = 10-20+ 162% gy (Ts,) = 10204 275
50
= 262 475
2
as, = ald +af? = Y5,1592 1 V5,137 = Y10,296% = V5,212 t 75,250 = V10,4912
S1 Bs, = bs, Bs; = gy
7 2
Do 20- [t — 20| = 296 20- [t —20]" = 10-t+491g
27 1
t= 34— t= 89—
32 - 26
as, (Ty,) = 1020+ 2962 as, (Ty,) = 10-20+4915
Bfo
51 7 2
= 496— = 691 -
8 3
as, = afd +all +als [ =750033 + V51372 T V52433 = V15675 | = Vsassd + V5,250 T V5,3912 = V15,1100
3 Bsy = by, Bss = gy
+
Do 20-[t—20]" = 675 20 [t—20]* = 15-t+ 1100
t= 53§ t= 300
Bfo a5, (Tsy) = 15-20+ 675 as,(Tsy) = 15-20+ 1100
8 = 975 = 1400
DYo Dlo + DI° + D" = 11633 DI° + D]o + D] = 4563
Bfo

max{BJ°, BJ°, Blo} = 975

max{BJ°, Bl°, Blo} = 1400




PMOO-AB:

TFA ARB_ MUX
Ay = ag”g + a{g = 5,25 + V5,250 = 710,275
So ﬂso = Qsq
Do 20-[t—20]+: 10 -t + 275
50
1
Blo any(Toy) = 10201 275
o = 475
Qg = agﬁ + Olicf = ¥5,2412 + 75,250 = V10,4912
S1 ﬂ31 = Qs
2
D{o 20'[15720]+ = 10~t+491§
1
t= 89—
26
0 (To) = 102044917
Bfo g
S1
= 691 -
3
ag, =ald+all +als | = Vs,4581 T V5,250 + V54121 = V1511208
53 653 = gy
5
Do 20-[t—20}Jr = 15-t+11206
83
1
t= 304—
56
sy (Tsy) = 15-20+ 1120—
Bfo g
83
= 1420—
6
D7o DJo + DI° + DJo = 4602
Bfo max{BJ°, BJ°, Blo} = 14203

Sg) S1




SFA FIFO_MUX ARB_MUX

50 afgﬂ = 0‘£3 = Vs,1374 = 75,250
Beo " = Psy © g = Bis,261 = Bis,431
st aglo =alt = V5,137 = 75,250
B0 = Bs, © aglo = P15,262 = 15,431
ailo =alr +als = Y5,137% T V52371 = V10,375 = 75,250 + V5,350 = 710,600
53 R [Ry, —rgl'TT =10
/8;;‘]00 = 653 @ a;c,;o = ﬁRl'()‘fU Tlvo.fo /653 = bcg\{o ﬁ _ a$.f0
3 e + S3 T 53
TLo-fo 20- [t =207 = 375 20 [t — 20" = 10-¢+ 600
3
t= 38— t= 100
4
= = 0,383 = [10,100
To.
ﬂe2oef0 = 5Rle-;éfo7Tel-2°e-fo ®i:{0,1,3} 52}9']60 = 510,92% ®i:{071,3} 5};',-0'f° = 510,186%
To:
PO A
2
1 ot -
Dfo 10 - [t_92§]+ — 25 10 - [t— 1863] = 25
1
t= 95 t= 1896
: 1 2
o alo(riploy = 5. 92 +25 afo(Tily = 5. 186 + 25
0
1 1
= 487 = 958 -
2 3




PMOO ARB_MUX
s ag o = als = 75,250
0 allo =als = 5,250
ol Jo = al2 = 5,250
51 zfo — L2 _
o0 = ay? = 75,250
55 aisfo =alz 4+ al = 5,250 T V5,350 = 710,600
aflo = al2 +al? = 75,250 T V5,350 = 710,600
— (20 _5)A (20 —5) A (20 — 10)
Lofo (
glo-fo — Regi* = Nieqorsy (Boi = 737%) 10
o2e. = PR 0 10 250 F 520 T 250 F 520 T 600 F 1020
oo — 20420420+ 20 F + +10 TO0
lo.fo _ Zie{o,l‘:i}(bzl'f0+rflj.0'Tsi>
Teae™ = Yieoray Lo LT = 60 + ‘1?80
= 210
— = ﬁ10,210
Bl = bP
Do 10- [t — 210" = 25
1
t= 212—
. 2
Bfo ol (i lo) = 5210 + 25

= 1075




Flow f1




PBOO-AB:

TFA FIFO_MUX ‘ ARB_ MUX
as, = oll +alz +al3 =3 5,25 = 115,75
S2 Bsy = bs, Bsy, = s,
D 20-[t—20]" = 75 20t — 20t = 15-¢+75
t= 23% t= 95
o as,(To)= 1520175
2 = 375
as, =t +all +alr [ = V5,1371 T V5,2038 T V5,2433 = V15,675 | = V5,250 + V54581 + V5,3912 = V15,1100
% Psa = bao Bsy = sy
Df: 20-[t—20]" = 675 20 [t —20]* = 15- ¢+ 1100
t= 53% t= 300
o an(To) = 15-20 1 675 an (To) = 1520 1 1100
5 = 975 1400
D DI + DI: =773 DI' + D' =395
B max{BJ!, B{1} = 975 max{B]}, B{1} = 1400




PMOO-AB:

TFA ARB_MUX
oy, =ofl +al2 +al? =3 505 = 15,15
52 652 = A,
D]} 20 [t —20]* = 15-t+75
= 95
BN oy, (Ty,) = 15-20+75
- = 375
Qg3 = aécé’ + ozf:; + a£§ = 75,250 T V54581 + V5,401 = V1511208
53 B, = o
5
Df 20 - [t —20]" = 15.t+11206
S3
1
t= 304=
56
sy (Tsy) = 15-20 411207
Bfl g
S3
= 1420
6
b2 DI + DI = 3991
BN max{B]}, B/1} = 14202




SFA FIFO_MUX [ ARB_MUX
5 afl' = afz 4+ ofs = 275,25 = 710,50
BLo T =B, S ail = Bio.22y = Proas
ot =als +af = ¥5,2002 1 V5,237L = V10,5281 | = V54022 t V5,308 = V10,7111
s R.o-11 Ry, — i ]t =10
5?30.f1 = Bs3 © aiéfl = ﬁRls';'fl The Bss = bfgh Bss = O‘f;{l
1 1
Tlo.f1 20 - [t —20]" = 5283 20-[t—20]" = 10-t+ g
S3
13 1
t= 46— t= 111-
32 9
- — P10,4613 - 510,111%
To. 3 3 -
Be;efl = BRL';’e’fl T ®i:2 @fﬁ = 610768% ®i:2 ﬂiﬂ?'f = /8107156%
B = " Bt = !
, 29, 1,

Dh 10-[t-685]" = 25 10-[t - 1565] " = 25

t= 11 13 t= 158 1

_ —5) _ —18
of (T = 5. 6825 + 25 of (T = 5. 1565 + 25
Bfl 17 5
= 369— = 805~
32 9




PMOO ARB_MUX

5 af 1 =alz 4 ol =2 7525 = 710,50
ot =al2 + ol = 275,25 = 710,50
s a1 =alt +afs = 75,4022 + V53081 = V10,7111
3 amjlzafo+af3 = 7 + 1= 1
53 53 53 5,402 T 7V5,308L = V10,7114
R1.2o.f1 _ /\.6{2 5 (RS . T?_fl) = (20 — 10) N (20 — 10)
ﬂ};zoéfl = Bglon plosn , : — P
s T 50 + 1020 + 711% + 10 - 20
= 20420+ 10
Lo.f _ Sicpas (05140 T 11611
Tepe = Yicqam Toi + = <RL';;'“ ! - 0+ ;
1
= 156—
9
= = 510,156%
Bat = ol
1
D 10- [t — 156§]+ = 25
t= 158 1
_ . 18
I (T ) = 5-156- + 25
Bfl 9 5
= 805—
9







TFA FIFO_MUX \ ARB_MUX
Qsy = a{; + afﬁ + 0452 =3 75,25 = V15,75
52 ﬁs2 = b52 652 = Asy
+_
DY: 20-[t-20"= 75 20 [t —20]* = 15-t+75
t= 23% t= 95
o an (1) = 1520475
2 = 375
as, = a2 +alf = Y5,1373 T V5,1592 = V10,2067 | = 75,250 T V52412 = V10,4012
81 ﬁS1 = bsl /681 = asl
. 7 . 2
Db 20 [t—20]" = 2065 20-[t— 20" = 10-t+491%
S1
27 1
t= 34 t= 89~
32 5b
o (Ty) = 10-2042965 |y, (T,) = 10-20+491%
sz
51 7 2
= 496— = 691 -
8 3
D72 D> + DI =583 DIz + DIz = 1841
B2 max{BJ2, Bf*} = 496% max{BJ?, Bf*} = 6912




SFA FIFO_MUX ARB_MUX
. aflz = alt 4+ al3 = 275,25 = 710,50
51 0 jz _ ﬁéz =) a’EQJ‘Q = 610,22% = 510,45
allz = fo = Ts,15718 — 75,2135
S1 l.o.f acf Rls'?'h [RSQ — T§12]+ =15
Bt = Ber © 05 = Brion pio s Bo= B3 Boy = oyl
13 8
Tlo.fa 20 - [t —20]" = 1577 20-[t—20]" = 5-t+ 2135
57 25
64 27
- = Pho, 2757 = B, 4025
To.
Besel = Briots o i, Bt = = Bio,5023 Qi LT = B, 8528
= W DEC
, 25 25
Di2 10- [t — 50 ] 25 10-[t—85 27] = 25
o7 23
5% 64 55 54
ol (T ?y = 5.50= +25 | o>(Tl2?)= 5.85—=+25
Bf2 64 61 27 17
= 276— = 454 —
64 27




PMOO

ARB_MUX

z'fa — o f1 f3
a92 7 asz +a$2

= 275,25 = 710,50

”2 Oéff =aoft +al = 275,25 = 710,50
s1 aglfz = Oék{[f = 75,2138
aglr =ald = 75,2138
= (20— 10) A (20 - 5)
lo.fa __ z (
glof2 — g Reze” = Niezy (e = 135) - 10
e2e T PRGIG" 50+ 10 - 20 + 2135 +5- 20
20 4 20 + 10
Lo. Siepp (0524052 T 5398
Tezef2 = Zie{2,1} T, + == . <R1';'f2 ) 40 + 109
7
96—
18
= = 610,96%
B = b
7 +
D 10-[t—962]" = 25
8
t= 98-
!
, af2(Th ) = 5. 9675 +25
2
B 17

= 506 —
18




Flow f3




PBOO-AB:

TFA FIFO_MUX \ ARB_ MUX
as, = afy +all +al2 =3 5,25 = 115,75
S2 Bsy = bs, Bsy, = s,
Dfs 20-[t—20]" = 75 20t — 20t = 15-¢+75
t= 23% t= 95
B ay,(Ts,) = 15-20+ 75
2 375
Qg, = afg + a{g = V5,25 + V5,1371 = M10,1623 = 75,25 + V5,250 = 710,275
S0 Bso = bs, Bso = Qsg
Df: 20 - [t —20]" = 162% 20-[t—20]" = 10-t+ 2715
1 - il
t= 28§ i t 672
o asy(Ts,) = 1020 41627 sy (Tsy) = 10-20 4275
50 _ 262% 475
as, = aff +all +afd | =750033 + V50372 T V52033 = V15675 | = Vsass2 + V5,250 T V53012 = V15,1100
83 Bss = bsy B, = s,
Dfs 20- [t —20]" = 6735 20t —20]* = 15-¢+ 1100
t= 531 t= 300
Br a5, (Ts,) = 15-20 + 675 a5, (Ts,) = 15-20 + 1100
8 = 975 = 1400
D7s D]: + DIs + DI* = 1052 DI3 + DIs + DI? = 4623
B3

maX{Bgs . BJs

So?

BlF}Y = 975

maX{ng ,BIs

S

BJls} = 1400




PMOO-AB:
TFA ARB_MUX
as, = ol o) + o =3 5,25 = 15,75
52 652 = A,
D 20 [t —20]* = 15-t+75
= 95
Bfs oy, (Ty,) = 15-20+75
- = 375
Ag, = oz{:g + ozfg = 75,25 + V5.250 = V10,275
%0 ﬁso = Qg
Dfs 20- [t —20]F = 10-¢+ 275
1
t= 67
B/fs Qs (Tgo) = 10-20+4 275
" = 475
Qgy = a{é’ + Oé{;, + O/fg = 75,458% + V5,250 =+ ’)/57412% = 71571120%
53 B, = o
5
DJs 20 - [t —20]" = 15.t+11206
S3
1
t= 304=
56
sy (Tsy) = 15-20 411207
Bf3 g
$3
= 1420
6
D% DI: + DI: + DI = 4662
Br max{BJs, Bls, B} = 14203




SFA FIFO_MUX [ ARB_MUX

. ool Tl =2 20 = 0
BT = Ba, O alf® = o2z | = Proas
. T ol =
Big?? = Bsy © a5 = Bis 11 ‘ = Bis,281
agls =afs +all = V525718 + V51311 = V10389 | = V53135 T V5,1662 = V10,4803
. RIoTs [R,, — r2l]T = 10
Biots =By, 0ot = BRioss piots Bsy = I Bsy = alls
1 5
Tlo.fs 20 [t —20]" = 389 20+ [t —20]" = 10-¢+ 4805
3
t= 39 29 = 88 !
_ 64 _ 18
= = ﬂu),:ﬂ)g = 510,88%
Lo. o. .0.
BeZefB = 532&;1‘33&{;643 ®i:{2,o,3} 5}9 fs = 510,835 ®i:{2,0,3} 5}% fs = ﬂlo,un%
B = B> = bF
f 10- [t 83E]+ = 25 10- [t 1611]+ = 25
D 64 18
45 8
t= 85— t= 163—
13 64 T 9
afs(Thsy = 5.83" 425 | ofo(Tlf*) = 5.161— +25
Bs 61 " 18
= 441 — = 831 —
64 18




PMOO

ARB_MUX

z'fs — oJf1 fa
Ot,;2 — 0482 +O‘sf

= 275,25 = 710,50

s :
’ ol = afl + ol =2 75,25 = V10,50
s ap* = alo = V525
’ aglt = alf = V525
s3 af,f* = ofs + ot = ¥5,3138 + V5,1662 = V10,4803
aifr =aly +al) = 75,3138 t V5,1662 = V10,4803
lLo.fs e2e i€{2,0,3} i 0
ﬁe2e - ﬁRl'U'fS 7Tl"’<f3 5
e2e  'Tede 50 +10-20 425+ 5-20 +480¢ + 10 - 20
= 20+20+20+ 0
>ie(2,0,3} bi;f3+r§f3-Tsi 10552
=2 (203} Isi + . ( ) 60 + 9
10
)
165—
9
- = Pio,1653
B> = P
5
Dfs 10- [t — 165§]+ = 25
t= 168 L
_ 18
a3 (T %) = 5.165- + 25
Bf3 9 .

= 852~
9




FeedForward 1SC 2Flows 1AC 2Paths

L4 Bsozﬂm
i ]::{anfl}

e afo=alt = Vi pfi = 75,25, je{0,1}

= Bs, = Br,, 1., = P20,20, 7 € {0, 1,2}

arrivalBound(s2, {fo},G), G =P ({fo}) = al®

. FIFO MUX ARB_ MUX
— arrivalBound(so, {/1},9), G = P ({fi}) = als O_MU RB_MU
0‘{8 = 5,25
azlo = 75,25
RyoTo =15
50
ﬁ;gxfo = Bso © afg(.)fo Bso = bfgn ﬂso = Oéfgn
Tlo.fo 20-[t—20t = 25| 20-[t—20]t = 5-t+25
S0
1 1
t= 21— t= 285
4 3
= :515,2& :515,28%
7‘{3 =5
afo = alo @ glo-fo bl olo (TLoT0) =131+ ol (T1o-70) =166
= = V5,131 = 75,1662




arrivalBound(s2, {f1},6), 6 =P({fi}) =afl [  FIFO_MUX | ARB_MUX

as, = al! = V51311 ‘ = 75,1662
ol = 70,0
proin = B, ©ath =020,20
rd1 =5
52
aft =alt 0 o = ol o gy N 26 oo (TEodoy = 2311 [ o0 (TLo-70) = 2662
= = V5,231 = 75,2662

| arrivalBound(sa, {fo},{/1}) = of° | FIFO_MUX | ARB_MUX |

0458 = 5,25
ag{o = 70,0
paitolo =g ©aglo =/20,20
rzg =5
afo = alo @ gLo-fo blo afo(The-Joy =125
= = 75,125




Flow fo

] TFA FIFO _MUX \ ARB_MUX
as, = ofo + ol = 710,50
So ﬁso = bso /BSU = Qg
+ _
Do 20-[t-20]"= 50 20 [t — 20" = 10-¢+ 50
t = 22% t= 45
Bfo as,(Ts,) = 10-20+ 50
so = 250
s, = ald +all = 10,3621 = 10,4331
82 S2 = b52 ﬂSQ = asz
1 1
Do 20 - [t —20]" = 3625 20 - [t —20]" = 10~t+433§
S2
1 1
= —_— t = —_
t 388 : 8?3
; as, (Ts,) = 10-20 + 3625 as,(Ts,) = 10-20+ 433§
B 0
S2 1 1
= 2= - -
56 5 6333
Do =602 = 1284
BJo max;,_{o,2} bl° = 5623 max,_ 0,2y bl° = 6333




SFA FIFO_MUX:

ﬂ1-0~fo

e2e

Dfo

Bfo

proah & o2ho) @ (hoah g o)
Bso ©al) @ (Bs, © all)
® (B, © (o} @ B;0711))
b1y ©01) ® (3, © (0 @ Bi2=1) 0 5.,))
Bso © /) ® (Bs, © (o @ Bs,) @ Bsy )
(820,20 © V5,25) @ (820,20 © (75,25 @ B20,20) @ B20,20))
(820,20 © ¥5,25) @ (820,20 © (75,125 @ B20,20))
B1s,212 ® (B20,20 © ¥5,225)
Prs211 © Bis 311

515,52%

Rlofo T10f0+bf0

e2e e2e

Rlofo

e2e
15525 + 25
15
1
54—
6
oo (Tl-O-fo)

e2e

1
-92-+2
552+5

1
287=
872



SFA ARB_MUX:

61~0~f0

e2e

Dfo

Blo

proah ¢ otho) @ (ghoaho o o)
By © ) @ (Bsy © al})

R )

(B © (( fl @ By ™t) @ By ))

[(Bsy © ((0* @ Bsy)) @ Bsy))

820,20 ©¥5.,25) @ (820,20 © (V5,25 @ B20,20)) @ B20,20))
520,20 ©7Y5,25) ® (20,20 © (75,125 @ B20,20))

Bis.281 @ (B20,20 © 75,225)

Pis,281 © Bisa12

B15,70

Rlofo Tlofg +bf0

e2e e2e

Rlofo

e2e

1570 +25
15

2
71—

3
alo (T 70)
5-70+ 25
375



PMOO ARB_MUX

s = 75,25
s s0 :
0 allo = 75,25
59 O‘;zfo = 75,2662
oZlo = 75,2662
= (20—-5)A (20— 5)
lLo.fo __ T (
glofo — g B = Nietoay (R = 737°) - 15
- lo. lo.
o2 R0 0 25+5-20 + 2662 +5-20
= 20+20+ 5
Lo. Tictom (5041301, 4912
TeQefO = Zi6{072} TSi + = <R1';'f0 ) = 40 + 153
7
= 725
9
= = 5157725
B = "
7
Do 15-[t—725]" = 25
4
t= T4-
. 9
o alo (T loy = 5. 725 +25
0
= 388§
_ 9




Flow f1

| TFA | FIFO_MUX ARB_MUX
as, = ofo + ol = 710,50
EN) ﬁso = bso /330 = g,
+_
Do 20-[t-20]"= 50 20 [t — 20" = 10-¢+ 50
t= 22% t= 45
o o (15) = 10-20 1 50
so 250
as, = all = 75,1311 = 75,1662
S1 FIFO per micro flow
651 - bsl o b
" 1 /651 - S1
20-[t—20]" = 131- 2
Di: [t =20 1 20 [t — 20" = 1662
9 3
t= 26— 1
16 t= 28—
1 2 3
P O431(Ts1) = 5'20+1311 0451(Ts1) = 5'20+166§
B 1
S1 1 2
= 231- = 266 —
4 3
oy, = ald +all = 10,3621 = TN0,4331
S2 Bsz = b52 /682 = gy
1 1
Dh 20-[t—20" = 3625 | 20-[t—20]" = 10-¢+4333
t= 38 L t= 83 L
_ 8 _ 3
e, (T,) = 10-204362= | «,(Ts,) = 10-20+433-
B, | i
= 562= = 633—
2 3
Dh S Bl =813 Y2 B = 1562
B max?_, bl = 5623 max?_, bt = 6333




SFA FIFO_MUX:

B

Lo.f1

e2e

l}fl

(Bl e agh) @ (B0l e ail) @ (B0 e olft)
(Bsy © %) ® By, ® (Bs, © al?)

(Bso ©a”) @ By, ® (B, © (ol @ 510 "))

(Bsy ©0°) @ By, @ (B, © (o @ Bsy))

(B20,20 © 7¥5,25) © B20,20 @ (820,20 © (V5,25 @ P20,20))
Brs,211 ® Ba0,20 ® (B20,20 © V¥5,125)

Bis,211 © B20,20 ® P15 961

Bis.671

Rl.o,fl . Tl.O.fl 4 b‘fl

e2e e2e

RLO‘fl

e2e
15675 + 25
15

1
69—
6

ol (T )

1
67= +2
5675 +25

1
9=
36 2



SFA ARB_MUX:

B

Lo.f1

e2e

(B0 0 exf o (5 02l (34 0.1)
(Bsy © ) @ Bs, @ (Bs, © af?)

(Bso © a®) @ B, @ (Bs, © ((afs @ B52*71))

(Bso ©al®) @ By, @ (Bs, © (@ Bs,))

(B20,20 © 7¥5,25) © B20,20 @ (820,20 © (V5,25 @ P20,20))
15,281 @ Ba0,20 ® (B20,20 © V5,125)

ﬂ15,28% ® B20,20 @ Bi5,35

615,83%

Rl.o.fl . T1-0~f1 + bfl

e2e e2e

Rl‘o‘fl

e2e
15-83% + 25
15

85

ol (T
1
5835 +25

3 +

441g
3



PMOO ARB_MUX
S0 aft;fl = 75,25
O‘Z‘:ojl = 75,25
«’ f1 _
s = 70,0
s 0 )
: O‘Z':gl = 70,0
m/fl —
s = 75,125
i aijl = 75,125
S92 ,
. = (20—5)A(20—0) A (20 —5)
Rl.o.fl — A. R, — rffl
Bese = Brion pion i = Ao (B 7180 — 25+5-20F0F0-20 _1F5125 F5-20
e2e e2e 20 + 20 + 20 + 15
2ic(0,1,2} (b:;fl +Tf-1f1 'Tsi> 350
= Yiconzy Toi + T 60+ "
1
83—
3
= 515,86%
Bl = bh
1
DN 15[t — 83§]+ = 25
t= &85
I
of (T = 5.83- 425
BN 3
2
= 441—

3
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