FeedForward 1SC 3Flows 1AC 3Paths

® Buy = B, = Bu, = Bus = Br,, 1., = B20,20, 1 € {0, 1,3}

° O[fo = Oéfl = Oéf2 = ’erj7bfj = 75,25, .] € {0? 172}



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

fo @
g

V2 \'%
7 3
f1 >
f2
| computeOutputBound(vy, f;) = (o), i € {1,2} | FIFO_MUX \ ARB_ MUX
apfi = aplt = ajlr = ol = ol = 5,25
| RIZT Ry, [ =15
ﬂngfL = [5’02 - angl]+ = ﬁRL‘;fi,T,l,;'fi sz = b;ﬁgl sz = Oé,ty].‘zf7
Tlo.fi 20-[t—20t = 25 20-[t—20]" = 5-t+25
va
1 1
t= 21- t= 28—
4 3
= = 515,21% = 615,28%
(rf)* =5
(afy) = alt @Bt =y 0. ooy [ (L)7 | ol (T07) =5 215 + 25 = 131% | ol (11077) =5 281 + 25 = 1662
= = Vs5,1311 = 75,1662




computeOutputBound (vo, fo) = (af2)* = afo, [ FIFO_MUX | ARB_MUX
aglo = 70,0
BLoTo = [By, — a2lo]T = By, = 20,20
7"58,”1 =5
(ofs) =aly, =a® @By =950 0 [Bl, [ al(Ty,) =5 20+25=125
= = 75,125
| computeOutputBound(vy, fo) = (of?)* = o0, | FIFO MUX \ ARB MUX
ai‘lfo = Offjgm = (O‘QJE)* = Us,1311 ‘ = 75,1662
Rip-Ho [Ro, — /[T =15
BT = [Boy — g™ = Bproso groso Boy = OG0 Bo, = apl’
1 2
Tlo.fo 20 - [t —20]* = 1317 20-[t—20]T = 5-t+ 1665
v1
9 7
t= 26— t= 37—
16 8
= = /815,26% = 515,371
T’L{?’U;@, = 5
* __ * lLo.fo * .0. * .0.
(af0)* = (afo)* @ gio-Jo = Telo, wfe,. | 0Py, | (@) (T30 7°) =526 + 125 = 25732 | (afo, )" (130 7°) =5-37% + 125 = 3135
= = 75,25712 = 75,3138




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

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




TFA FIFO_MUX ‘ ARB_MUX
Qyy = alo = 75,25
Vo FIFO per micro flow
51}0 = bvu ﬁ o b
20-[t—20]" = 25 o
Ds [t =20 . 20-[t—20]* = 25
t= 21- 1
4 t= 211
Bl o (Tyy) = 20-5+25
= 125
v, = (o))" + (af2)” = 75,125 + V51311 = 10,2561 = 75,125 + V51662 = V10,2012
Ul ﬂvl = b’t)l /B’Ul = a’Ul
1 2
Do 20 [t —20]" = 256 20-[t—20" = 10-1+2915
v1
t= 32E t = 6'91
716 . _ 56
\ oy (o) = 1020 + 256 o (Tp,) = 102042015
BJo
v1 1 2
= 456— = 491
4 3
o, = (af0) + ()" | = V5,25742 T V51311 = V10,389 | = 75,3138 t V5,1662 = V10,4803
U3 ﬂv;; = bv;; ﬂv;; = Qg
1 5
Do 20- [t —20]" = 389— 20-[t—20]" = 10-t+ 480~
V3 16 9
29 5
t= 39— t= 88—
64 [ EE))O
Qs (Tys) = 1020 4 389— Oy (Tys) = 10-20 + 480—
Bfo 116 g
v3
= 589— = 680—
16 9
Do Zi:{O,l,S} Dz]:? = 93% Zi:{O,I,ZS} ij? = 178%
BJo max,—o,1,3) b = 58975 max;_{o,1,3} b’ = 6805

Vi




SFA, PMOO [ FIFO_MUKX (SFA only) | ARB_MUX

v Oéiofg = ’77.:({0,%(1]’0 = 70,0
BroT0 = [By, — o] T = B20,20
” aglo = (af1)* = V51311 = V5,1662
Bbf'jo = By, — aﬁoﬁ = 515,26% = 515,37%
apfo = (af2)” = ¥5,1311 ‘ = 75,1662
RLo-Jo [R,, — r2/o]F =15
v o x Y3 ,tUS Y3 )
s ﬁi)},.fo = [ﬁvs - 0‘1;3{°]+ = 6Rb§"f0,Ti';'f0 ng = bf)?{o ﬁyg = Oéf]go
1 2
Tlo-fo 20 - [t —20]" = 1317 20-[t—20]"T = 5-t+ 166
v3
9 7
t= 26— t= 375
16 9
= = 515,26% = 515,375
Lo. o. .0.
ﬂccho = 632‘5’50,21'2‘;"0 ®7:={0,1,3} 5% fo = 515,73§ ®¢={0,1,3} ﬂ}J fo = 515,953
Bl.Qo.fo _ plo 51-20-f0 _ plo
1 5
Do 15[t — 73§}+ = 25 15[t — 95§]+ = 25
19 2
t= T4— t= 97—
1 24 - 9
; afo(Tiloy = 5. T35 +25 afo (T Iy = 5. 955 +25
BJo
) 7
= 390 = 902~
8 9




Flow f1




TFA FIFO_MUX \ ARB_MUX
oy, = alt +al? = 710,50
V2 67‘)2 = va ng = Aoy
+ _
DI 20-[t—20" = 50 20 [t — 20/ = 10-t+50
t= 22% t= 45
Bh Ay, (ﬂiz) = 20-10+50
vz = 250
vy = (@) + (af})” | = V525712 + V51311 = V10,389 | = V5,3138 + V51662 = V10,4803
v3 ng = bv3 B'Ua = Ay
1 5
Df 20 - [t —20]" = 38972 20-[t—20]" = 10-t+ 480§
v3
29 5
t= 39 1 t= 888—0
s (Ty) = 1020 + 389— s (Tyy) = 10-20 + 480~
B 116 g
v3
= 589 — = 680~
16 9
Dh >r o, DIt =613 S2, DIl — 1853
Bh max;_ (s 3y bJ! = 5897 max;,_(2 .3y bj! = 6807




SFA, PMOO FIFO_MUX (SFA only) ARB MUX
s lagfl =afr = O{f2 = 5,25
vy h= [Buy — a5§1]+ = 515,215 = 515,28§
aft = ol = afs,, = Y5,25712 = 75,3138
: Li5ed Ry, i/ T =15
3 —awfl]Jr:B Lo.f1 plo.f1 By, = prh By = a®h
v3 Ry, T, v3 V3 v3 V3
13 8
Tloi 20- [t — 20|t = 257E 20-[t—20]" = 5-t+ 3135
U3
57 16
t= 32— t= 47—
64 27
- - 515,32% = /815747%
To. 3 3
e2oef1 = ﬂRle-;e-fl TN ®i:2 5;’?']01 = 515,54% ®i:2 5’}).';).f1 = 515,75%
Bt = Bt = bh
9., 25,
D 15[t — 546—4] = 25 15[t — 752—7] = 25
155 16
t= 55— t= 17—
p 192 os 27
; ol (T7) = 5540 +25 | ol (Tepl) = 5755 +25
1
? = 29545 = 40417
_ 64 _ 27




Flow f2




TFA FIFO_MUX [ ARB_MUX

o, = alt +al? = 710,50
ﬁv—i B va BW = Ay,
DI 20-[t—-20]" = 50 20 [t— 20T = 10-¢+50
1
t = 225 t= 45
B oy (Toy) = 20-10 450
vz = 250
vy = (@f9)" + (afl)” | = 5,125 + 75,1311 = T0,2561 | = 75,125 + V5,1662 = V10,2012
Bm = bvl 6111 = Ay,
1 2
Di> 20- [t — 20|t = 256 20- [t —20]" = 10 t+ 2915
V1
13 1
t= 32— t= 69—
16 U
o, (Toy) = 10-204 256 | o, (T0,) = 1020+ 2913
Bf2
o1 1 2
- 456~ = 491=
4 3
2 2
D >y D2 =555 >, Dz =114}
B2 max;—{1 2} b{f = 456% max;—{1 2} b2 = 491%




SFA, PMOO [ FIFO_MUKX (SFA only) | ARB_MUX

a®fe — ot = o1

U2 To.f2 T —J5.20
L = Bis 11 ‘ = Pis281
aslt = (af0)* = 5,125
v RIT [, =il [ =15
1 611}.10~f2 = [ﬁvl — a$1f2]+ = BRl;;).fz’T:}.lo.fz Bu, = by, 8, — o2
V1 v1
Tho-2 20-[f—-20]" = 125 20- [t —20]* = 5-¢+125
1
t= 26— t= 35
4
= = 61526% = 515735
To.
Be;efQ = IBRL;e'f%T;;;’f? ®?:1 ﬁ%}io'f? = 515,47% ®?:1 ﬁjjf'fz = 515,63%
Bi:;éfz = be 61~2"~f2 — bf2
‘ 1 eze
D 15[t - 475t = 25 15[t — 63%]+ — 95
t= 49% t= 65
1 I

a2 (T )y = 5472425 | oV(Ti?)= 5.63- 425
B’ 2 Sy
= 262— = 341 -
2 3




FeedForward 1SC 4Flows 1AC 4Paths

® Buy = B, = Bu, = Bus = Br,, 1., = B20,20, 1 € {0, 1,3}

° Oéfl = ’}/Tfj’bfj = 75,25, ] € {0’3}



| computeOutputBound(vy, f;) = (ofi)*, i € {1,2,3} | FIFO_MUX \ ARB_MUX

apft = ot = apfr = ojfe = 710,50
| R R, 21" =15
Bogt = [Bo, — a™1i" = Brros, quos, By = Uf Buy = apl
+_
Tho 20-[t-20"= 50 20 - [t —20]* = 10-¢+50
1
t= 225 t= 45
= = 510,22% = 510,45
1 (rf,)* =5
(ady)* =l @ B3 = v,5) oty (I | oI (ToT) =5-22L ¥ 25 = 1372 | o (T°7) = 5 - 45 4 25 = 250
- = V5,137 = 75,250
| computeOutputBound(vy, fo) = (af0)* =alo, | FIFO MUX \ ARB MUX
agl” = a3, = (af})” = V5,1371 ‘ = 75,250
Lo.f I Ryt [Ro, —ri°]T =15
.0. _ AT + T
Bvo 0= [ﬁvo avoo] - BR}L;g-foquigvfo /B’Uo = bU({O ﬂvn = ai({o
1
TLo.fo 20 - [t —20]" = 1375 20- [t —20]" = 5-t+ 250
Vo
1
7 —
t= 26 b= 433
= = 515,261 = 515743%
rJo =5
% VoU1
(afp) =aly, =af @ Bplo=v 0 0 [0, [ a(TL270) =5-26% + 25 = 1593 | ol (1}070) = 5431 + 25 = 2412
= = 75,1593 = V5,2412




computeOutputBound (vy, f3) = (af2)* = o FIFO MUX \ ARB MUX
a%’({:& = qJo = 75,25
[Ry, —rals]" =15
/810f3 - [/6’1)0 - 05:5({3]4_ = [/B’Uo - O(fo}-i_ = /BRigdetl)(ffd B’Uo = bf(J /BUO = afo
20-[t—20T= 25 20-[t—20]" = 5-t+25
t= 21 L t= 281
T4 _ 3
= 515,21% = BlS,QS%
=5
DBy =Yg s al?)*(THo75) =5 211 + 1371 = 2433 [ (af2)*(T5075) = 5- 281 1 250 = 3912
= 75,243% = 75,3912
’ computeOutputBound(vl, fo) = (o) =al, . FIFO_MUX \ ARB MUX ‘
Va1 (O‘ZE)* = 75,1371 ‘ = 75,250
) Ryo-To [Ry, —r2lo]T =15
5 o.fo — By, — aglfO]Jr = /BR’lL;(l),fo7T’Ll),10,f0 B, = bif“ Bo, = aglfo
Tl0.fo 20 - [t —20]" = 1375 20-[t—20]t = 5-t+250
v1
1
7 —
= 26 b= 433
= = 615,26% = 515743,%
7"1‘{‘1),[]3 = 5
(add) = ()" @ Bip P =0 o, [0, | (ad8) (T57") = 5- 267 + 1593 = 2933 | (ad2) (11 fo) 5-43% +241% =
= = 75,2033 5,458




Flow fO

Correcti
tion at
v3: Ther
e need to be o/t instead
L s ea, f
of a2,



TFA FIFO _MUX ARB_MUX
ay, = a0 +als = 5,25 + V51371 = V10,1621 = V5,25 + V5,250 = 710,275
BUU = buf ﬂvo = Qg
Dfo 20 - [t —20]" = 1625 20 [t—20]" = 10-t+275
vo
1
1 t= 67~
t= 28—
8 2
o Qoo (Tyy) = 10-20 + 1625 oy (Ty) = 10-20 + 275
Vo 1 = 475
= 262—
2
oy, =afe, +alz, = V5,1502 + V5,1372 = V10,2962 = V5,2412 75,250 = V10,4912
ﬁvl = bvl ﬁvl = Qo
7 2
Do 20 [t —20]" = 2967 20 [t —20]" = 10-¢+4915
v1
27 1
t= 34— t= -
3 32 - 826
. @y, (T) = 1020+ 296 ¢ au (Ty) = 10-20 4 4913
Bj°
1 7 2
= 496 — = 691—
8 3

G, = (o))" + (o

U1

= 75,2032 + V51371 T V5,2433 = V15,675

= V5,4582 175,250 + V5,3912 = V15,1100

ng = b'Us /ng = Qyyy
+ _
Do 20-[t-20]" = 675 20 [t —20]* = 15-t+ 1100
¢ 532 t= 300
o (T = 15-20 1 675 oy (Toy) = 1520+ 1100
v - 975 - 1400
Dj:o DJo + D)o + D)o =116 DJo + DJ° + DJo = 456%
B 0

max{B]°, BJ° B{fg} =975

v Puyo

vy

max{BJ°, BJ°, BJ°] = 1400




SFA FIFO_MUX ARB_MUX
" aif{“ = (af2)" = 75,1371 = 75,250
Bog 70 = [Buy — agl?]™ = Bi5.261 = Pi5.431
0 : aplo = (afl)* = 75,1371 = 75,250
B0 =By, — alo]™ = B15,262 = 15,431
aple = (af2) + (ofd)* = V51371 T V5,2438 = V10,3811 | = V5,250 + V53912 = V10,6412
Vs RL.;J.IO [Rvg _ rgéforr =10
BL'BO'fO = [Bus — aﬂO]*‘ — /BRbg-f07Tlly~;"fO By = bigo By = Oéffgo
1 2
Thofo 20- [t - 20" = 381 20- [t 20]" = 10-¢+ 641
U3
1 1
t= 39— t= 104—
16 6
- - 610,39ﬁ - ﬂ1o,104é
Bz = Brioto oo ®i—jo.1,3 B> = Br0,9213 ®i—jo.1,3 B> = B10,1908
Bt = F B = bl
13, 5.4
Do 10-ft =925 = 2 10-[t =190 = 25
t= 95 > t= 1931
- 13 16 — 5 3
afo(Thrloy = 5.92° 125 | @Ol /0) = 5190 +25
= 489— = 979~
16 6




PMOO (See [1] for details)

Cross traffic at node vg:

agle = al3,, =525

(see computeOutputBound(vs, f;) = (afi)*, i € {1,2,3} above because f3 only crosses a single server)

Cross traffic at node v;:

Tjo — 2 —
o"ulf - a{Q'Ul = 75,250

(see computeOutputBound(vs, f;) = (odj;)*, i € {1,2,3} above because fy only crosses a single server)

Cross traffic at node vs:

agle = all,, +ali,, = 706621 with
C%EUS = 75,250

(see computeOutputBound(vs, f;) = (odj;)*, i € {1,2,3} above because f; only crosses a single server),

afs,. = afs @ EMOO Lofs
szl\g()C)O Lofs = (sz - 7,19}62}‘3) A (Rvg - qufgg)
= (20—10) A (20 — 5)
= 10
TPMOOLofs _ L 4 bofs 4+ b2fs +r2fs T, +r2fs - T,
V2V 2 0 (Rv2 - rng:s) A (Rvo - 7,5({3)
50+25+10-20+5-20
— 204204 22T i
10
= 771
N 2
als

vovs = 15,25 @ Bro,771 = V54121



ﬁPMOO 1.o.f0:

RPMOO l.o.fo — (R’UO _ ,r.’[x)[.)f(]) A\ (R’Ul — ’f‘,fifo) A\ (R’Ug - ngo)
= (20—5) A (20 —5) A (20 — 10)
10

prfo 1 bﬁlfo + bf,go + rfflfo Ty + Tglfo Ty, + ngfo Ty,

TPMOO l.o.fo — T + T + T + Yo N
0 " o (Rvo - ngo) A (Rm - Tﬁlfu) A (Rvs - mﬂg‘O)

250 + 250 + 662% +5-204+5-20 + 10 - 20
= 20420+ 20+ 2

10
15624

10

= 60+

= 2161
n 4

D= h(afo,ﬂPMOO 1.o.fo) - % + 216% — 218%
B = v(afo, gPMOO Lofo) — 5.2161 + 25 = 1106






TFA FIFO _MUX ‘ ARB_MUX
ay, = alt +al? +afs =3 75,25 = V15,75
V2 Pos = b, Bo, = o,
Df: 20-[t—20" = 75 20t —20]* = 15-t+75
t= 23% t= 95
B o (Tyy) = 1520 +3:?
v, = (af})* + (afd)" + (@f8)" | = V51371 + V52033 + V5,2433 = V15,675 | = 75,250 + V4581 T+ V5,3912 = V15,1100
U3 Bos = bug Bus = Qyg
D 20-[t—20]" = 675 20 [t —20]* = 15-t+ 1100
t= 53% t= 300
o o) = 1520 % 675 @, (To.) = 1520+ 1100
s = 975 = 1400
D DJi + DJ: =773 DJi + D' =395
BT1 max{B]!, BJ'} = 975 max{B]!, B]1} = 1400

V2

V3




SFA FIFO_MUX [ ARB_MUX

1 il =alr 4 qf-" = 272,25 = 710,50
e Tt = [Buy — ap']” = Pio221 ‘ = f10,45
afft = (o) + (af)” = V5,2933 1 75,2432 = V10,5374 | = Vs,4581 T V53012 = 710,850
05 A R R, —rZ T =10
51).3. b= B — avsl] = BRVIL?;JCI Tyt Bog = bigl Bus = o
1 v3 T v3
+_
Tho-h 20-[t-20" = 5375 20- [t —20]* = 10-t+ 850
b a6t t= 125
8
— = Bro.a6z = B10,125
Tofi 3 olofi _ o h
Bons!t = ﬂRle'z?;fl,Tel'zl’h R, BLo = Bro,693 ®?:2 BLo-It = Bio 170
Benlt = bh ghofi = ph
3
Dh 10- [t — 69§]+ = 95 10- [t — 170" = 25
1
i 7l t= 1725
8
f1 lo.fiy . §
o at(Tpe™) = 5690 +25 | ph(rlofy = 5.170+25
8




PMOO (See [1] for details)

Cross traffic at node vs:
afft = al* +alt =y 50

Cross traffic at node vs:
zfi — of fo — i
0%31 = o) + avcl]vg - 710,870% with

voU3
0‘531;3 = of3 %) 5115’21\1/)[000 l.o.f3
RUNOOMTs = (Ryy =) A (Rug —13f%)
— (20— 10) A (20 — 5)
= 10
PMOO Lo. f3 bfs + 05l + il Ty + 13l - Ty

Ty = T+ Ty + 2
o ’ ’ (R, — 7"10)32](3) A (Rvo - 7’1:’):({3)

50+ 25+10-2045-20

= 20420
0T 10
1
= 772
2
ol =525 @ Bro7ry = V54121
afo,. = alo @ EMOOLe-fo (for cross traffic see computeOutputBound(vs, f;) = (afi)*, i € {1,2,3} above because they only cross a
single server before)
Ry 20 bodo = (Ryy —r3l2) A (Ry, — 1))
— (20—5)A (20— 5)
= 15
TPMOOLofo _ i bf}[{o + bﬁlfo + Tf)’({o Ty + Tflfo Ty,
VU1 - Vo V1 x fo z fo
(Rvo — Tvg ) A (va — Ty )
250 +250+5-20+5-20
= 20420+ + + +
15
2
— 86

3



_ PMOO Lo.fi .
afo,. =525 @ Brsg62 = V54581 B fr;

RPMOO lo.fi  _ (sz _ ,r,"cfl) A (Rv3 _ rIfl)
= (20 — 10) (20 — 10)
= 10

prh +b1fl +T1fl TvQJFTafl'Tvg

TPMOO lo.fi  _ Tv2 + Tv3 4 2 o7 zf
(R — 7wy ) A (Rvs —ru’)

50 + 8705 +10-20 410 - 20

= 2042
0420+ 0
_ s 13202
B 10
1
= 172—
12
D = h(afr, gPMOO Loy — 28 4 9790 = 1745
B =v(aft, gPMOOLofiy — 5. 1721 + 25 = 8853






TFA FIFO _MUX \ ARB_MUX
ay, =aP +alt +afs =3 Y5,25 = M15,75
V2 ﬂw = bv2 sz = Qg
+
Di: 20-[t-20" = 75 20 [t—20]" = 15-t+75
t= 23% t= 95
sz Oé?)g (j_"l)g) = 15 . 20 + 75
vz = 375
ay, = (af2) + (o0)" | = V5,137 T V51502 = V10,206 | = 75,250 T V52412 = V10,4912
U1 Bm = b/ul /Bvl = Qg
7 2
Di: 20 - [t —20]" = 296 20- [t — 20|t = 10-t+491g
27 1
t= 34— t= 89—
32 . 26
o, (To) = 1020+ 296 o, (T) = 10-20+4915
Bf2
v1 7 2
= 496— = 691
8 3
D72 D] + D> =583 Dz + DIz = 1841
B2 max{BJ2, B>} = 4961 max{BJ2, B?} = 6912




SFA FIFO_MUX [ ARB_MUX

vy arlz = alt 4 af® = 272,95 = 710,50
ﬂi’f'h = [ﬁvz - O‘f,f]_‘— = 510,22% ‘ = 510,45
aglr = (afy)” = 75,1592 ‘ = 75,2412
" RO R, — T =15
511)?& = [5”1 - a;flfQ]Jr = BRi?f'fQ,Tviio'fQ B, = bifz Bo, = af)lfz
3 2
Tlof2 20 - [t —20]" = 1592 20 [t—20]" = 5.t+241=
31 7
t= 27— t= 42—
32 9
= = 510,27% = 3107425
To. 2 2
5e20ef2 = ﬂRle'z?;fszel'zl’h Qi B2l = Bro,5013 Qi By = Progrz
Bar? = b Ba? = b
15 7
D 10- [t —50—]" = 25 10-[t—87=]" = 25
32 9
31 )
t= 52— t= 90—
5 32 - 18
of2(Th ) = 5. 505 + 25 o2 (T = 5. 875 +25
sz 11 8
= 277 — = 463—
32 9




PMOO (See [1] for details)

Cross traffic at node vy:
apfr = alt +alt = yi050

Cross traffic at node v1:

zfa fo
oy a

PMOO Lo.fs.

RPMOO Lo.fz

TPMOO Lo.f>

D = h(af2, gPMOO Lof2) — 28 4 994 — 1012
B = v(afz, pPMOO Lo-f2) — 5. 991 4 25 = 5202

VovU1

O[fo %) BELMOO Lo.fo
+

= afo %) [/BUO - ai{gvo}

= 75.25 @ [B20.20 — Vs.250]

= 75,25 @ Prs 431

= 75,2412

(sz - 7'19;62]02) A (va - Tgfz)
(20 — 10) A (20 — 5)
10

bif2 4 b2l 4 p2f2 T, 4 p2f2 T

Ty, + Ty + 2
’ ' (Ro, — rizh) A (Ry, — 7’5{2)
50 42412 +10-20+5- 20

+

20420
+ 10

991
6



Flow f3




TFA FIFO _MUX ARB_MUX
a,, = al* +alt 4 al? =3-7,25 = N15,75
Vo 61)2 = bv2 ﬁvz = Qiy,
+_
Dfs 20-[t=20" = 75 20 [t—20]" = 15-t+75
t= 23% t= 95
Bf3 ai)g (711)2) = 15 : 20 + 75
vz = 375
ay, = o +ali, =alo + (af2)* = 75,25 T V5,137 = V10,1621 = 75,25 + V5,250 = 710,275
Vo ﬁ’uo = bvo 500 = Qg
1
Dfs 20 - [t — 20|t = 162 20 [t—20]" = 10-t+275
Vo 1
1 t= 67~
t= 28—
8 2
Bfs o (Tyy) = 1020 + 1625 o (T,) = 1020 + 275
v 1 —
’ = 262> = 475
2
oy = (af9)" + ()" + (af2)" | = 152033 + V51371 T V5,2438 = V15,675 | = Vsassl T 75,250 + V53012 = V15,1100
U3 vy — bvs 61}3 = Qlyyg
+_
Dfs 20+ [t=20]" = 675 20 [t — 20" = 15-¢+ 1100
t= 53% t= 300
o os(Tn,) = 15-20+ 675 Gos(To) = 1520 + 1100
s = 975 = 1400
DTs DJ: + DIz + DJ? = 1052 DJ: + DIz + D]z = 4623
Bfs max{BJ:, Bf?, Bz} = 975 max{BJ, Bf?, BJ:} = 1400




SFA FIFO_MUX [ ARB_MUX
o wf's — o + ol = 272,25 = 710,50
B =B, — a2l = Bio,221 \ = Boas
aﬂfs = oJo =52
Vo T
Brg = [51;0 — o]t = Pis 11 ‘ = Bis 281
aglt = (ao)” + (a})” = 5,2032 V51372 = V10,4311 ‘ = V5,4581 T 75,250 = V10.7081
vs Ryo T s — T2P]T = 10
B s = (B, — a3BTF = Byrons prosy R B = o
1 1
Tlo.fs 20- [t —20]" = 4317 20 [t —20]* = 1047085
v3
9 )
t= 41— t= 110
16 6
= = 510,4119—6 = 510,110%
To. o. .0.
ﬂe2ef3 = BRi;éfszilztfs ®i:{270,3} 5711 fs = 510,85% ®i:{270,3} 53% fs = 510,184%
Bosilt = bP° Bosilt = bFs
5 1
DFs 10- [t — 851—6]+ = 25 10- [t — 1846]+ = 25
13 2
t= 87— t= 186-
= 16 I 3
ol (T ) = 5.85— +25 | o*(Th2) = 5.1842 425
= 451 — = 945—
16 6




PMOO (See [1] for details)

Cross traffic at node vy:
apfs = alt +al* = yi950

Cross traffic at node vq:
apls = alo = 75 55

Cross traffic at node v3:

ofa - .
av;{?’ - a{?vg + a{;vg - ’710,708% with

afl,, = 75,250

(see computeOutputBound(vs, f;) = (a{fg)*, i € {1,2,3} above because f; only crosses a single server),

fo —
Qprvg = V5,458

(see f1)

6PMOO 1.o.f3:

RPMOO lo.fs _ (R z f3

v2 T rﬂg

= (20— 10) A (20 — 5) A (20 — 10)

10

TPMOOLofs  — 0 4 Ty 4 Ty + 2

= 20+20420+

12833

= 60+,

188 !
3

D = h(af pPMOO Lo-fa) — 28 4 1881 — 1902
B =v(af:, gPMOOLo-fa) — 5. 1881 + 25 = 9662

v3 T 7"03

$f3)

+ou O Al T il Tog £l - T

) A (RUO - 7“5({3) A (Rvs - 7"5;3)

50—1—25—&-708%+10-20+5-20+10~20

10



FeedForward 1SC 2Flows 1AC 2Paths

fo

VO/ '

f——

L4 Bvo = ﬁvl = 51}2 = BRvi,Tvi = B20,207 1€ {07 17 3}

o afo=alt = s =505 5 €{0,1,2}



| computeOutputBound (v, fo) = (af2)* = afo,, FIFO_ MUX ARB MUX
a;fgf” =al = 75,25
RyoTo =15
vg
ﬂ%;.(?‘fo = [ﬁvo - agf{O]_‘— Bvo = bf;go /Bvo = awfo
TLo.fo 20-[t—20]t = 25| 20-[t—20]t = 5-t+25
Vo
1
t= 21- t= 28—
4
= :515,21% :ﬂm,zsl
TI{SUQ = 5
aly,, = alo @ gy blS o, alo(T,70) = 1317 alo(T,>70) = 1663
= = 75,1311 = 75,1662
| computeOutputBound (v, f1) = (af1)* =aft =~ ] FIFO_MUX \ ARB MUX
’ — computeOutputBound (vo, fo) = (af2)* = off,, ‘ = V5,1311 ‘ = 75,1662
| computeOutputBound(vy, f1) = (of)* =aft, ] FIFO_MUX \ ARB_MUX
au, = all, = ¥5,1311 ‘ = 75,1662
ol = 7,0
pLo-t =B, — o] T =0320,20
r’l])civz = 5
afty, = aft 0 pp Il = alt o gy bl alo (T 7y = 2317 a0 (TIoT0) = 2662
= = 75,2311 = 75,2662




computeFifoOutputBound (v, fo) = (a{g)*

—

flow of interest f; sy FIFO_MUX | ARB_MUX

afy = alt = 75,25

O‘%O = 70,0
SFA To. :

Boghtodo = [B,, — aglo]™ =0320,20
7'{,03”2 =5

ald,, =alo o gy blo,, oo (T 70) =125
- = 75,125




Flow fo

’ TFA FIFO _MUX ‘ ARB_MUX
Qy, = ado +alt = 710,50
Vo Bug = bug Bo, = Qg
+_
Do 20-[t—-20]"= 50 20 [t — 201" = 10-¢+ 50
t= 22% t= 45
o o (1o )= 10201 50
- 250
’ VU2 ‘ Uy, = 0, = 75,1311 ‘ = 75,1662
’ V102 ‘ Qoyuy = afly, = 75,2311 ‘ = 75,2662
Quy = Quguy + Ay, = Y10,3621 = Y10,4331
V2 51}2 = bvz sz = Qyy
1 1
Dfo 20-[t-20/" = 3625 | 20-[t—20]" = 10-t+4333
t= 38 L t= 83 L
_ 8 _ 3
) @y (T) = 102043625 | au,(Th,) = 1020+ 4335
BJo
v2 1 1
= 562— = 633 -
2 3
D70 =603 = 1281
.Bf0 IHaXi:{OQ} bg? = 562l max,;:{OQ} b{o = 633%




SFA FIFO_MUX:

Bllolfo

e2e

Bh

[ SFAloacfg . gcfo]-',- [ﬂSFA lo.zfo _aqa}:QfU]-&-
[ﬂvo a1t @ [B, — ol |

[Buy — @]F @ [Bu, — (adt @ BLoT))T

[Boo — fl}*@[ﬂm—(( o g todny o gy, )"
[Buy — &1 & [Bu, — (! @ Buy) @ Bu,)]T

[

[

B20,20 — V5,25] T ® [B20,20 — (75,25 @ B20,20) @ B20,20)] "
I*

® [B20,20 — (V5,125 @ B20,20)] "
I+

B20,20 — V5,25
515,21% ® [520,20 — 75,225
Bis211 ® Bis 311

ﬁ15,52%

R1~0~f1 _T1~0~f1 + pf1

e2e eZe

Ry
15 - 525 + 25
15

1
54—
6

o (Tg)
1
5-52-+25

5 +

1
287~
2



l@ééoéfo _ [ SFAIoij _ xfo] [6SFAloa:f0 _aigo]-i-
[B'UU fl]+ ® [/Bv2 v1v2]+
= [ — ol @ B — (o 0 BT
= [Bo, — ']t @ [Bu, — (( 5 @ By 1) @ By )] dnclib: not SFA Lo. because v0 is not the direct predecessor of v2 om the foi’s path
= [ﬁvo ]+ ® [ (( [Bvo - Oé ] ) %) ﬂvl)]
= [B20,20 — V5,25 (820,20 — (75,25 @ [B20,20 — 75,25] )@ 520,20)]+
[
[

T®
B20,20 — V5,25] T @ [B20.20 — (75,25 @ Bao,211) © B20,20)] "
T®

B20,20 — V5,25 [B20,20 = (V51311 @ B20,20)] "

= Bisz11 @ [B20,20 — V5,2311] "
= ﬂ15,21% ® 515,31%

= 315,52%

Df1 — Rlzgefl Té;; n + bfl

Rlofl

e2e
155212 4+ 25

15
23
= 542
48

l.o.
Bfl = afl (TCQC fl)
= 5-52 13 + 25
- 16

= 289—
16



SFA, PMOO ARB_MUX:

Bllolfo

e2e

Bfl

® [B20,20 — (75,25 @ B20,20) @ B20,20)] "

® [B20,20 — (V5,125 @ B20,20)] "
I+

520 20 — 75,25

[ SFAloacfg . gcfo]-',- [ﬂSFA lo.zfo _aqa}:QfU]-&-
[ﬂvo a1t @ [B, — ol |

[Buy — @]F @ [Bu, — (adt @ BLoT))T

[Boo — fl}*@[ﬂm—(( o g todny o gy, )"
[Buy — &1 & [Bu, — (! @ Buy) @ Bu,)]T

[

[

I*
I*
515,28% ® [520,20 — 75,225

Bis,281 © Bis 412
B1s,70

520 20 — 5,25

R1~0~f1 _T1~0~f1 + pf1

e2e eZe

lo.f1
ReQe

15-70 + 25
15

2
71-
3

ol (T )
5-70+ 25
375



820,20 — V5,25 (820,20 — (75,25 @ [B20,20 — 75,25] )@ 520,20)]+

tT®
/320 20 — 75,25 ] & [520,20 - ((75,25 %) 520,28%) @ 520,20)]+
fe *

ﬂ,i'g‘l;f” [ SFA lLo.xfo xfo] [6SFA10a:f0 o aigorr
[/3% o't ® B, — ol
= [Boy —a']T @ [Bu, — (aft @ BT
= [Boo — T @By, — (& @ Bl'o'fl) @ By, )] dnclib: not SFA Lo. because v0 is not the direct predecessor of v2 om the foi’s path
= [Boy — o]t @ [Bu, — (@ @ [Buy — @°1F) @ B, )]
[
[
[

B20,20 — V5,25 (820,20 — (75,166% @ B20,20)]

= Bi581 @ [B20,20 — V52662
= P58 © Prsaas

= 315,72%

Df1 — Rlzgefl Té;; n + bfl

Lo.f1
Re2e

15- 727 + 25
15

4
= T4-
9

Bfl _ Oéfl (Tl.o.fl)

eZe
7
= 5-72- 425
9+
8

= 388
9



Flow f1

’ TFA FIFO _MUX ARB_MUX
Qy, = ado +alt = 710,50
vo ﬂvﬁ = b Buo = Ay
Do 20-[t—-20]"= 50 20 [t — 201" = 10-t+50
t= 22% t= 45
o v (o) = 10-20450
vo = 250
[vovr | awgey =iy, = V5,1311 ‘ = V5,1662
Oy, = a-jf(l)vl = 75,1311 = 75,1662
V1 FIFO per micro flow
5111 = bUl B o b
; 20— 20" = 1312 N
D B 4 20- [t — 20" = 166=
9 3
t= 26— 1
16 t= 28—
1 2 3
o (L) = 5-20+1317 | ay(Th,) = 5-20+1663
Bfl
V1 1 2
= 231— = 266—
4 3
’ VU2 ‘ gv, = 10, = V5,1311 ‘ = 75,1662
’ V102 ‘ vy = 1, = V52311 ‘ = 75,2662
Qy, = Qyguy T Qyyuy = TN0,3621 = 10,4331
V2 ﬁvg = va sz = Qyqy
1 1
Dh 20-[t-20/" = 3625 | 20-[t—20]* = 10-¢+ 433
t= 38 L t= 83 L
_ 8 _ 3
@y (Tn) = 102043625 | au,(T) = 10-20+433
B3 1 1
= 562— = 633
2 3
D7 S Bl =87% Y2, Bl = 1562
BT max?_, bl = 5623 max?_, bt = 6333




SFA FIFO_MUX:

51'0-f1

e2e

Bf

BSFA loxfi ai({l}-l- ® [ﬂSIFA loxfr _ Oéilflﬁ ® [ SFA l.o.zfy

[Boo v
[Buo = a1 © B, @ [Buy —ald,]*

[Buy — aP°TF @ B, @ [Bo, — (al @ By ™ oI *
[Boo — %] @ B, @ [Bu, — (@70 @ Buy)]*

(820,20 — ’Y5,25]Jr ® 20,20 @ [B20,20 — (75,25 @ 520,20)]Jr
Brs,212 ® B20,20 ® [B20,20 — v5,125) "

Bis,211 © B20,20 ® P15 961

Bis671

R1~0'f1 'Tel.20e.f1 + ph1

e2e

R1~0~f1

e2e
15675 +25
15
1
692
a1 (Tl.o.fl)

e2e

1
67= +2
5675 +25

362 !
2

_aifl]-‘r



I81~0~f1 _

o SFA loxfi _ a§f1]+ [6SFA lLoxfr ailfl} [IBSFAlozfl . Ozf}{l]-"_

Bvo af0]+ ® By, ® [ﬁvz v0v2]+

Buoo — afo]+ ® Buy @ [Bu, — (af ap @ ﬁi‘g'zh)ﬁ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path
Bug = 17 @ Buy @ [Buy — (0 @ [Byy — )T

B20,20 — V5,25 T @ B20.20 ® [B20,20 — (5,25 @ [B20,20 — V5,25 )] T

B20,20 — V5,25] T @ Ba0.20 ® [B20,20 — (V5,25 @ 515721%)]+

= Pis211 ®B20,20® [B20,20 — 75,131§}—|r

= 515,21% ® B20,20 @ 515,261%

= ﬁ15,67}%

(85
[
[
[
[
[

pi _ Bt ToM 4 h

Rl‘O‘f1

e2e
156718 +25

15
23
= 69—
48

B = af (Tl-o'fl)

13
= 5-67— +25
16+

= 364—
16



SFA, PMOO ARB_MUX:

51'0-f1

e2e

BSFA loxfi ai({l}-l- ® [ﬂSIFA loxfr _ Oéilflﬁ ® [ SFA l.o.zfy

[Boo v
By — %] @ By ® [Bu, — afS,, 1T

[Buy — aP°TF @ B, @ [Bo, — (al @ By ™ oI *
[Boo — %] @ B, @ [Bu, — (@70 @ Buy)]*

(820,20 — 75,25] 7 © B20,20 @ [B20,20 — (75,25 @ B20,20)] "
P1s,281 ® Pao,20 ® [B20,20 — V5,125) "

BPis,281 © 20,20 ® 15,35

Bis,831

R1~0'f1 'Tel.20e.f1 +ph

e2e

R1~0~f1

e2e
15-83% + 25

15
85

O[fl (Tl.o.fl )

e2e

1
5-83-+25
3+

441g
3

_aifl]-‘r



I81~0~f1 _

o SFA loxfi _ aifl]-&- [6SFA lLoxfr ailfl} [IBSFAlozfl _ alm);"l]-&-

B'UU af0]+ ® ﬁvl [sz v0v2]+
Buoo — afo]+ ® Buy @ [Bu, — (af ap @ ﬁi‘g'zh)ﬁ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path

Buo — 1T ® B, ® [Bu, — (@ @ [By, — 1] T)]T

B20,20 — V5,25 T @ Bao.20 ® [B20.20 — (V5,25 @ [B20,20 — V5,25
Ba20,20 — V5,25 T ® B20,20 @ [B20,20 — (V5,25 @ 615728%)]+
Bis,281 ® P20,20 ® [Bo0,20 — %,mg}*

= 515,28% ® B20,20 @ 515,375

= ﬁl5,86%

+)]+

(85
[
[
[
[
[

pi _ Bt ToM 4 h

Rl‘o‘fl

e2e
15 - 865 + 25
15

7
— 87~
9

B = f1(T10f1)

e2e
= 5-867 25
9+
5

= 455
9
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