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MINIMUM_DELAY _1

1105 ifc < Lien Pi+0g

1110 then exit “cannot accept flow f”
1115 Mz =0, m, 0

1120 fori=1to N do

1125 if F(d; +a;) 2 Cyay

1130 then 1; + d; + a; - Dldite)=er “'"""" -
11356 m; « max(m,,z,)

1140 elseyi4-d.-+a.<-ﬂ%?l
1145 m, + max(m,,y;)

1150 M + max(m,,my)

11565 b1

1160 while (b < N) and (m +a; > d; + a) do
1165 beb+1

6,009,077

1170 if [(b = N + 1) or F(dy + a,) > Cyay] and (b = 1) or (F(di-; + as-1) < Cray)]

1175 then COMPUTE.dy(b, (Ci,0:,pi,di)ien, (Cr.04,p1); ds)

1180 d + max(m,d)
1185 else df+m
1190 return H'f

FIG. 10
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MINUMUM_DELAY _2
if B < py
then exit “cannot accept flow f”
my —0;m, +0
fori=1to N do
if W, > Cyay
then z;, « d; + a; — -"-v'—’:—"-
m, + max(m.,z,)
elsey.—(—d,--f-a.-—g;
m, + max(m,,y,)

m + max(m,,m,)
find bs.t. dy—) +a4-) <m+ay <dy+ay
if [((b=N +1) or (W} > Cray)] and |(b=1) or (Wy_; < Cyay)]

6,009,077

then FASTBR-COMPUTE-Hb(bv (‘/i)iéﬂv (Ci'i Oiy Pir dl)lENl (Clo ay, PI); ab)

d « max(m,d,)
elsed+~m

return ;2

FIG. 12

wavw.lastio.com



6,009,077

Sheet 16 of 40

Dec. 28, 1999

U.S. Patent

€l 'Ol

7 uanjaa
‘brapse,

) 9= QHW.....; __thlu
1=

Brupsey
(*p—-Ivo):H = Z”W+2..t|\cv..q+..3_|tw+\culrlb
[(Fp7p T (+D24) a0 (W 4 9p Z (HH0p)] pue [(Jo/p > M4y) g0 (T S )] s b puy

NIELUA S ep &= (Dr > ()2 1S N+ A L 9]

- p

(% simndino t(fdTotTp) ‘N3 (pd o) *N3(I4) *q :mdur) 279 31NdNOD

wavw.lastio.com

libPD

C



6,009,077

Sheet 17 of 40

Dec. 28, 1999

U.S. Patent

vl Did

N3y ()4p) 15¢ pasapio ul /p yum [ moy uasur 0661

N3(*p + 'p)1as parapio wr /o + fp yim f mop wasur GBS
..e+av1€va ipStotip
tp='p)o ™= JZ-(p-/p)d+w) ™ R —ipo—iy 085l

IA sqewrea sead G/ GL

(Fp =)D — 4 — 4 uayy 0LS1
(*p > ip) pasp G961
(({p=pV¥d + Ip) — 4 = y uap 09461

(pSfo+ipp G661
Op N OIT — 110} 0GGL

1+ *('A) 30 J1epdn
To+ip>p
folp—(p—Jo+ipyp = (X~ (P~ 7o+ /p)W -+ 0) I — (Jo+ p)o - Im 1 gpgy
W4+ S /ot /p>1-%4 1% eqyons qi13] OvGL
{4 =1qeLrea iy GEGL

(Up - +'p)H — 44 — ' uap 0€S1
(‘v +p > /p) jraspa Gzsl
(({fp — v + )0 + J0) — 4y = ‘Y uay) ocalt

(*o+'Sfo+Ip)n GLGl
OpN O} = ta0] OLGL

/s (M) 30 arepdn ./
ld—-g—-g gogl

(g ‘N3 i) andino t({pddIntig) g N3y py) ndur) 2T IAHISIAY

-wavvwlastio.com

ClibPD



6,009,077

Sheet 18 of 40

Dec. 28, 1999

U.S. Patent

GL "Old

}((*)}#p) 195 pasapuo wioly { moy 13enX3
Y('p + 'p) 19S PAISPIO WO / MOY 10BNXI
/A s1qeuea Lonssp
(/p - ')+ - puap
(P > ‘p) poaspd
((fp — 'p¥d + f0) + !4 — A uapy
(> io+/p)n
op N 011 — t 10}
/% *(%A) 3o ;repdn
I M a1qeurea Aonsap
(/p =+ ') +'m — ‘M uay
(v +p > Ip) prasp
((fp — "o+ 'p){d + {0) + 'M — 4 uary
(fo+p S fo+/p)y
op AJ 01 [ — 110]
/= *(*M) 3o srepdn

G/91
0491
Go9l
0991
GGol
0691l
Gval
o9l

GeE9l
0e9l
GZ9l
0c9l
GlL9l
0191

ld+g—g | q091

(g ‘N3 M) andino ({p'idSoin) g ‘N3 (A *m) anduw) 7 3SVI1IY

wavw.lastio.com

ClibPD



U.S. Patent Dec. 28, 1999 Sheet 19 of 40 6,009,077

ClibPD waww.lastio.com



U.S. Patent Dec. 28, 1999 Sheet 20 of 40

MINIMUM_DELAY_3 (input: (Wi)iec, B. (eidiec, (Cryop,P1)s
output: d)
1805 if B < py
1810 then exit “cannot accept riow f”’
1815 ™M, +— 0:my « 0
1820 fori = 1to L do
1825 if W, 2 Cray

1830 then z; « e, — =L
1835 m, — max(m;z, Z:)
1840 else y; «— e; — g{‘

1845 my + max{my, yi)

1850 m « max(m:,m,)
1855 findbst ey <m+ay < ey
1860 d « (ep —ay)

1865 return d FIG. 17

RESERVE_3(input: (Wi)iec. B. (€i)scc. (Cp,as, 05, €p):
output: (W;)iec. B)
B+ B - 2r
/* update of (W;); */
fort « 1to L do
if (ep < &)
then W; « W; — pf(ei —ep) — Cyay
else if (e, — ay < €;)

-

FlG 18 then W; «— W; — Cr(e; — ep + ay)

6,009,077

RELEASE 3(input: (Wi)iec. B. (€i)icz, (Cf,07, py. €p): output: (Wi)iec. B)

B« B+py
/* update of (W,), */

for i  1to L do FIG. 19

if (e, < e:)
then W; « Wi + ps(e; —e,) + Cray
eiseif (e, —ay < €;)
then W,’ — VV‘ -+ Cv'f(e; —€p + a.f)

ClibPD waww.lastio.com
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MINIMUM_ DELAY_4 (Input: (Wi)1<i<r, B, (e)1<i<e. (Cr o5, 05):
Output: dy)
it B < py
then exit “cannot accept flow f”
fori =1to L do
ifW; > hy

Wi-
then z; — ¢; — -'Tfai

else y; « ¢; — %{;
m — maxi<i<s((zi)7. (¥:)7)
findbs.t. ey <m+ay <epy
ifWy < hy < Wpy

10 thenifdb=1L

O 00 3 O b WD

- hl—"VL
11 then let z such that B = Tra;—er y
Wis =ty _ k=W,
12 else let z such that tyi—es — ivaj=er
13 elsez «0

14 3,- + max(m, z)

FIG. 22

RESERVE_4 (Input: (Wi)1<i<r, B, (Cy, 04,05, d¢);
Output: (Wi)1<i<1, B)
1cHoose CcoVER 4 (W<, B, (Cr.op,p5,ds)s (AWsi)1<i<cL, ABy)
2 fori =1t Ldo
3 W( «— Wg - AWﬂ
4 B+« B—-ABy

FIG. 23

ClibPD waww.lastio.com
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CHOOSE_COVER_4(Input: (Wihi<i<r, B, (Cy.o¢, 04, dy);
Output: (AW p)1<i<r, ABy)

1 find bsuch thate, < ds +af < €p4)

2 fori =1tob—1do

3 if (e; > df)

4 then AW; « Cys{e; — dy)

5 fori=b+2toLdo

6 AW; «— af + pplei — dy)

7

8

9

ifb=1L
then AWy « min(Wzl;, (O‘fv:' prler —= df))+)
-a
ABj + max(py, d;-af-ez)
10 else AB + py
Wiy _ W,
11 let v such that es+1+- s = & _"7
12 let 6 — mf,:
(o +ps(es —df))™ ifB<py
13 AW — S (Bles — )T if py <8< Cy
(Crles —dp))t if Cy < 8
he=AW AW! —A‘V,b
14 let AW, such that d;_’_a,_i:‘ = :::1-65
15 AWﬂH.l — ma.x(AiVb’H, af + p/(eb+1 - df))

FIG. 24

RELEASE_4 (Input: (Wi)i1<i<z, B, (AWp)i<icr, OBy
Output: (Wi)i<i<L, B)

1 forl=1to Ldo
2 W;(—-VV{-E-AWH

s B B+aB, FIG. 25

ClibPD waww.lastio.com
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MINIMUM DELAY 6

1 if B <py
2 then exit “cannot accept flow f”

3 my «<~0;,my, <0

4 fori=1to L do

5 if W, > oy

6 then z; « e; — W‘p-,"

7 m, — max(m., ;)
8 else m, + max(m,,e;)
9 m +« max(mz,my)

100 « 1

11 while (b < L) and (m > e;) do
12 b—b+1

13if b=L+1

14 then exit “cannot accept flow f”

15 else d « e

16 return d

FIG. 29
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RESERVE_6 (input: (Wi)iec, B, (€i)iec, (04, Pg: €p); output: (Wiliec, B)

B« B-p,
/* update of (Wi)i */
fori« 1to L do
if (¢, <€)
then W; « W; — py(ei — ep) — 0y

FIG. 30

[ N VL

RELEASE_6 (inPUf'Z (I/V!')IEC’ 81 (Ci)iEC) (aalp01e}’); output: (H/i)iE[-’ B)

B« B+ pyg
/* update of (W;); */
fori«1to L do
if (e, < e;)
then W; « W; + py(e; — e,) + Cyaq

FIG. 31
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