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1 HhaE

TSNHIE T Z M REEAE, 2RI U A EFEE (TAS) foz
S E (SP, CBS, ATS) W AK. HFXBFENG, BEEEHIE
W&, W LRI R E AR IEERE. AT HATHIRFTE, TSN
EXTZMEERA, A EE AN E b oy W55 8 o) ak LR,
ENEEREL, WEELARBETHERRNEEZ ., NEEEUY
HE M EE R ER R (BIEHE R E EROREFTRK) 4
N, BT TSN BB ANE, WHEEPFARESSK, ATH B SLIE
Rty TSN 77 2.

MMEEAE TSN XA, AERE TSNRENHB AKX ZR, BIRT
=, BE TSN FEENH EAARE S, 2R &NRSa—— AR
WX H A KB RAE S AR —— A B EH P, WX a2 M4 ES
EXNWEREHITERHFTEE RL)EN. AR UFEA TSN R
KWL B, PIEFE R S0 T A B B sk (9 B JE 4R R, RT3 %
FEMBETUENIRG., XTEBNTET 2% R LR Z501(E
A EWAR, MMEERERTmENBFIANLE, TR A TSN B &
AR G E I R ERT A,

RXFR . BE T WEEKNERM ST 3%, TSN B ENH G K
BB AIRK R, DREATWEEAE TSN 7 F A E6.

2 MEEENDB

2.1 WAREFAERBA



Network calculus HFit k™ WAMA 5, XHWEEL (T X
MM EEL) .

Pl ER A TommEME. RFelk. FIRFEANERS
M8k, TEQMESRERES “RMFHFRE (performance
guarantees) ” . WA EEHAHE R. L. Cruz 7 1990 £ ™,
Jo R &Y.

P 2% 3 S 2 BE i DUTS K S B0 AR 4L Ak

s MEEM. FHF AWML (Arrival Curve) HR M E R AN
R & B B9 AT N 4R

o WMEMEEM: FHMRS ML (Service Curve) #k W& 4
HIRS-fE 77, B SR X EBAT R,

« WHFR: FRNELL. REANMETHRSE, HEELE—D
it E W 4 o o o B S B R

WIFH LR A ARG WL, WEEETUIEE L HELMENN
BARETNG FOMBEEF 5, HATiHERM.

EMMEEENEER RS IA:

o BEMMALEHL (Deterministic Network Calculus, DNC) ,
EF R A &St S, A T00% Rt FE B IR, Ao 3] 5 5 3R B
A2 10ms, T

o MHLM%EE (Stochastic Network Calculus, SNC) , ZA#t
E BB A AW LIRS NN, BINTER, RN
7 bR, fosg B ZE 99. 99% f AL 10ms, ©

FRFAE T P4 08 F A 50 0 B 37 5= NIRRT ATM W %, & & %] TP ]
%, BRHY RAMNEFNE. TULWE%. FHME, UREEME%.



B BT P 2V B A Ak 3 B R R R B R AL ROPI S S T A
T A ¥R VLK M (AFDX, Avionics Full DupleX switched Ethernet)
BAREERAWNEELNE LY, Witk el REREGHRZE LR
R AR, AFDX B A T E A380. i F BT8T £ RAEM L.
PR TP &A% T B (SINETPLAN) o 7 P 4 3% & & % B
PROFINET W 4ty % i+,
2.1.1  BA R ——HBERIHA
M EAEAER R AR o) RERTERHAE. 2|4 H LR
FRAATAN A, BTEERZ t LXK 0<s<t, HrR: R({) -
R(s) < alt-s). H#, ROERENERILEL. wE 1 irx, &
Bl — MR ERERE L, M EEEE (F7R); T8RS
EHk., WEAHEWREANE AT BEERGHLERES, BEH
LB TUEZT.
A, BH1FHNEAMAR - HEENB A MENHA, T UER
A ooa(t)=rt+b, HIWNIEMEZ: r HRTRENKYFHESR, WETF
ALMAR, b HATRENRARKE, WEFE RO 5 5 Y4

B 2«

N

data (kB)
w

3¢

R(t)

0 5 10 15
time (s)

1 EiEM%Z at) 5imE BFRELE R()HIK AR



Bk M S R LI B 2

BH—MNRE, A—A 16bps B XML R &, FHE lns &
ASNELER X RKEBL, |XKEH A 1500Byte. wE 24, B4k
AT RMNRENRAREAE. REEM, AT UFIZRE AN FHE
& 60Mbps FuR K& 60Kbit E N B A M A& o(t)=rt+b FH r o b, St
Zl BB A &l 2 FALR. WRE R E P A X R
B3R, MR RE kMR, REb 2ok, MEARBA, L& T
WER|KATH 2 & E A ER .

data

60Kbit

12Kbit

Tms g time

B2 FiA&fh LA

A& LR B, W UHER®R REW. A, RERmEmEA
B K, N o=ol+ o2, WwE 3,

a; ..
l“-}—rq =a, + a,
az %

B3 EAMZMES



2.1.2  JREGER——WRPEBTH

P2 m SRR RSt & B(t) REAM B R & MHa ., B
W DLER B A R A TR A — MR AT R R T . RS
LRSI TEL, HR: R«() > R®B) (1) . HAF, R(1)FR* (1)
SR ERENERI A ERAY. wH 4 Hir, BEWEAE—NRE
W RMEL, MAE RS (F7R); BTHEENRSMEZNT
ZRERF RO TELE, FTURENEREZRME (FaEils) —
ERERBEWERZ AR EMGSHEBNAER (e WL) 2. %
WIS RN mEA (min-plus convolution) : f®g(t)=inf0<s <
t{f(s)+g(t-s)}, AURMRMBRZE TR, HFZ, REH
S B ARG o T B B E ey RN B B AR AR R RS e B PR
BRIZEHA T XAANREE BERE LR,

A, B4 PHEENRS AT —MEBNRS LB A, B
B(=R(t-T). XMRF i &I “rate-latency” R4k,
MNEREZ: THATREMLE, RKFEEHF T HE, 1T #E2H
R R4 T & o DU 28 B3R BA K 7 3 e /R L

A r-
5 R P R®
4 n
)
= 3 I
o R
S 9 -
1 .
O T T T T T T T >
0 5 10
time (s)

B4 BRFEMZ BHERERR ML R*(t)RIK R



FIR % H 2% 72 4% DRR 98 25 09 451 -

Deficit Round-Robin (DRR, 7F#% Deficit Weighted Round-Robin,
DWRR ) s — Fp 22 Loy o A AR 3 R R 88 (121, R Z WA & LM ER T
DRR = K f)L T DRR B AL . DRR By A FE R BB 51 = AN
FIBETREMQ, HF—RHwIEY, FNARIREAREMREZ R
S BA.

—  Q,=30000Bytes

s
i
b

L J

—  (,=20000Bytes

—  Q,=10000Bytes

5 DRREETEE

131%M 7 DRR WA sy, REEHIME R, 8-

DRR PA Y i #y AR 7t 204 -
foRE =(t _[Qf Xjwilj + (gi: Qi + L{-)])
R T

S, QA DRR PASUEY & AXE A, Li. Lj &4 DRR PASY # Hy 5
KK ZRFhLfFe pO=RE-DHHA. LE, T “R”
BOIEAR, BUiZ DRR FAF 1 o o U 8 6 R 1% K 3P 34 /N R ik 2wt
AT A E D F A WO RLR A2 % @ “T” MA@ DRR K
AL 88 2 ok By S5 K 3 < 5

ZAMRG i S REE, TUSTEREZE. —/MAELELRG H
S BlRE LR, BE %%@&ﬁBZ%ﬂ FE, METRAR A
g7t 40 B=p1®B2 MR 2, WH 6.

6 —



———
- -

e -

Bl 6 BRs5HZRIRE

2.1.3 ®waRLER

Bl % a R TRERAT AN EEE, FEHRRERNKITAN L
B Rtk p#A T REAELERS G AT L, RS A6
TR, wl TR, BRANMHERE R, WAMEHRAEHES
NEZREEZRAE LGS A EGFEN LR, WEF LR, M@
SGARAXKTFEFNZREFEERRXEZRELALEFTEEHHNX
AWZE, BRZERD=h(a, P).

=
£
X
- >

T time

E7 MEELR5EFLR

w7 E R (delay/latency upper—bound ) , = # i B 7 R
(delay/latency bound) , RMAEEHKEENHRN L, B THE

7



FRFETRERAATAHN ERFL &R0 AT R m e, Frile
ER WY HIEANREZF I T Z (worst-case delay/latency) . M
AR W IE R, L — N E AR R R R £ — AR & R ICa ek
SH, INMNAEFHENRXTRAERELEEZ I XANAREZHFNTH
e JE

TEE MR T B 2. 11 FHNREHITHN,. ZRE

BIRA & A a(t) = rt+b = 6x107=t+6%104, F A ZEHHER &

T—NERF-#EE K 10bps XL KK (Strict Priority, SP)

FER, ARKERRENRKARLKA 1500Byte=12000bit, EFF
F—MERERARKBX T RERFE 12 88, WEAEENZREN
B K B)=R(t-T)=1%109(t — 1.2%10-5), F, HTF R>r, &
AGRBBEEFR: D =T+ b/R=7. 2%10-5s,

AER—PMREEL—NMEAEE (—PMEE) WER, F0EE
ERZHEENEE ER, YA, PEEERERT ST 5 R &0 5
oAt iE E R H, WER T W4 R KB F RAE R E B AR AL
THEENL. ETERY, Sel#HE—FHNA.

2.2 HEMREEE

W %% 4 (DNC, Deterministic Network Calculus) 3&F
Bk th S fo AR5 2, TE BB A B Y 4 s B s 10 0% PR [ B B FE |
Fo HRE SRR SR E T EA:

« /N (Min—plus) REKHE (FEMRHELFIE) ¢ TFA,
SFA. PMOOA. TMA 4, H o, TFA EHERMGITE £, BHAZRKIT
HEtiE R, NEAH R 5m 2| s it 2; SFA. PMOOA. TMA % i 34 AR
EHERRE S BRI G R AN EE. R ERE2.2.1 %

%

-



A,
o R XEE: LR L WA, REBEFEANAREME, HAER
R, REELER, RKREEHE 222 FFNE.

HTFEAMEB RS dEERNEER., Bt hFaEANAES
JFE, DNC WE&ERA™ A — WM, B4nE 8 fir, DNC F M
MEWERE LR (4%) SATETHESWRELER (B%) . #E
MR EENEEHRE W B BIHRBMEENEE, FHATRITR
t, EEEEERNITEEREEH (NEGHEE. BEENE) . FH
Bt ok E I HAR ST E A R E AR

Ao, A8 HREREEMNHE LR (BL) A XTFETHRAGE
MEFFRNRERE, PRS- RENE R ZHE, AR K
RET R WEEETWNRREAAR.

BT 4
E

;Maﬁ E3LH DNCEHM
=M BEEFRFF REELSR

&
|
|
|

R

E
=y |

i = ——————

B8 Z=FMEELRZEMXR

2.2.1 AREEHEX
F 1 P T EAR R RE



% |HETE i
TFA | Dppp = Z;D; AR R AE, A5 AE A
SFA Lo = B O Apross: B = BLO - @ BLO | B KB ARGt &, B KAER

PMOOA | B =By ® B, BEO= B O apross | BHMFHEARKER, BRFL

Ji Z5 1 2
TMA | %4 BX+SFA/PMOO WIREEWYI 25, 25 SFA
F1 PMOOA

*1 MEERFRAXE L

TFA (Total Flow Analysis) &3&""™, @i ™M utkoMit, &
MW EE P RN — MR 2R N 7. 2 ERNAES
Bl, B EminBag kit Ee e LR, FMn, ATTF 2 50 R
B E R

REERENE, REAER—NMEERE, EHSRAEZN, &
FREREZT AT AEHMER (output bound) , FHLLWIENT
— NV RME L&, TR —MBAT R BREL . WER
AN E, BB —ADNERHE. Qo B IR B AR DUF B34
Loa(t)=rt+b ik, MNEHBTERELSHEBENE, 2REERES
R cir=r. R RKRT cbs=b BF. "EH T XAERER T4
1 35 2| i B 2E B UK £

TFA #EH THERHIBS, HirtE, §RES. BEAFES K
PR MR ERE, HEERANEUEA R K.

SFA (Separated Flow Analysis) Az BAER, xTFE K%
B3 B X B AL (foi, flow—of-interest) , 2ERHEBAE LEANY
BRI A% M4 (left-over service curve) . F¥ixX fi| &R 4%
B & ARG ANZ R mE R E MR RS &, B, kKB —-NT AW
FlrFESHE FRELFEEZTALTHANS TARR LN HAER %

— 10—




&, WA AR R RStk .

PMOOA (Pay Multiplexing Only Once Analysis) "zl B4R,
X T % B K B i B R B WAL, Sk — BB AR B LN R B AR S
W& ER, FREAFR T REARNRENET AT ESERE N R
% b RFI R RS 2

e L)
N T2 Lo 2 O )

> o* ﬁﬂiﬁ’ﬁ%!

.- u u V 'I-V;
fore o @) EEASFA
ain} 1 a1 Bz @ Bs %3~ Ps
a3
Y P Y Y o . .
foira | &/ o = | o ZimBEREEER,

EiFAPMOOA
© B0 Bz @ Bs Bs

51

9 SFA 5 PMOOA #i&ERin=s =14

w9 o, MENYL, SFA EER TREXEMEN &, B
THTHRARK ZRKITH, $KkT —EWAEL; T PMOOA E&EF T £
FBE —BAERNG R, FTREREZRTFARY ANR)FHY, 4
PR —ENAEFE. BB, SFA 5 PMOOA 07 A& F, B AT ILE
SE A E R, W A _EER SFA. B —E4FE ] PMOOA. 7 — kg
% T, f#f SFA/PMOOA 3% ¥ DLIKA5 th TFA B AP Ry B 4 R,

TMA (Tandem Matching Analysis) ""EiFByRR Lot 2 52 H
SFA 5 PMOOA ZL&f At 7 X, HEFENIAERS BRGNS
B, TMA Bib FRFIAERBKEE LS, HEREN. SR KNHEE
FrEm I UTHEARE.

DeepTMA"™ & — i f# F T IR & 4 W 46 SR UM ) 46470 W9 8 f6 B 0%
HUTEEHIAT A, B E AR TMA THRZ . DeepTMA £ i
BRINGEE, T % %GNGB M B DLt da 2 0 W 24-47)



T

B, BRAEERERME, BRRAHFEY BT BRHITHETH, %
RAitE—k. BRI, 5 A 888 R0 & 2 E R £ TR R
R

2.2.2 thAeEFE®

LK EE, &ML (LP, Linear Program) , £ &4
RAGRERT BTN REFUEURZRCRET Y, FHURAH
JEAE A B AR B A, KA XA AR ] AL

LB 10 46, B s EHRANRE, AfD gk riiE BAREA
TENEREREF Y ANE. EHELMEARANA, FENZERTE
B 2 K

o EATEE: max{ti-t}.

o WAEMRE AN E: Di(t)+Do(tr) > A1(t)+Ax(t)+B(t1-t). % LKW
EXR, FE-Nt ERALHTENERALEATST t HW A
REEEm t B XA ARG HENBE. 24 K2 TIRS
& SR, B R S R Di(t)+Do(t) > (A1(t)+A2(t) ©B(1).

°ﬁ%ﬂﬁ@&%%:MﬁAM<WﬁUhﬂ?7%$%AX%,
HTEE L, At 2 tXEREN, RE | WEARIANTETH L
LI, X R X T Bk & e R

« HuAR, WG ERXENEE (FIF0) 4R, BRHLHE
TR A RE, WA ETT.

A1 t /—\t1 DJ
L) .

A, N D,

B 10 ATHESEMKIERA AT SRE



TN e w2 ERe, R XFENRTFFAARE, Al
ZRBA R, —foRE, RUKREEENTREAXEZ, BAEFH
R (EROGFEES) . i, hbXEENEREHER.

2.3 MW LR F

MW % EE (DNC) RE4% Ay B4R 100%#y worst—case & b
FARIE, FEWa— R bk TENRIRETE . LM &S oA
—REGAF—EMENEER B ERRGEE, A, EFLEFEX
99%y I 21T 3 | 3w B ZE A~ KT 100ms; 56 URLLC & X Wy B E 30 fhk
= ERME mBsmef € LR 10ms, FEME 99.99%. B, PI&F
MEFE— NS, FREZ A AT, N KM E R AR
KB EMRME. b, FLEBLEE “—EHEME" THMNLRERE
A £ R AT

FEALM % 38 & (Stochastic Network Calculus, SNC) ¥FaALIL#E
fiE AWM EE LS, AERE. REWENSAT, SHmReE R,
BMEZHE ERNELON. wRITEZ R 1P W&+ xt SLA ZRBERR
iE, | SNC ab4 3t B JE AT R ALK AR — B R 48 . 4P 4 SNC
HERREMFETTRMEFAREGETLT, FEFUETHEAX
BRI L, AT R4 SNC #y— b AR A fn 2 B8 3k

2.3.1 BEHZER

SNC W[ DATHE — i THymzE B R, Hf,  “BE” M5 ARK
RIAE:

« ATHRENHLARIBINBMEWHRL: FRAENHLRELALA
MEALAFE, FETULAFREMIZHEFRE LAY, XHNRE LG
%, BN “BEHRELR . wE 11 fir, BAEH A% (B

— 13—



L. BXEFEL) , WELRENERIAFHRE LEE (Y
BELIRE AL ) WEHE AR,

A
8
S oy
RIS oL S e
\ e -
8 - : - /
! -~
2 /o
— SChRmE
' FRRBAEFRM
L

B 11 #MEHRELRA

« MTHERFRIBINBMBHER: FTHENE =, HHEAN
e R EAERNELEE, B TAEAMENFEN THRENFE,
iR R R RS AN, R T ALEEy R, HEEAR
ML B A, RS R AR G AR,

EATHRHEANE A RIBRRHANREIBHTOTUTEHE, &
AMETHMHER, WHEREE, T—FNA AR ERER
By AT 77 3«

2.3.2 X -F MGF & SNC #7175 i

FESNCH, iy E Bk, RE AR W R AE A pk & 40 (MGF, Moment
Generating Function) Fv. WKW E AW AHE|, REFEEMELA,
H DLsR A MGF:

$a(6) & E(e2400)

14—



i, AR A% XL

Ba(8) < OPEE=5)+03(6)

ZAFER B A MOF 84k A AL MH LR, &4 MGF bound
& o-p bound. fflhm, JEAALAT. Markov Modulated on—off 447, 1A
LA o %, R MOF ek ER.

KM, RS R B4 MGF 3. Rl ik, MRS Y EAEA
Bt kiEx, BENETFERELRE, BT THREAENS
A, MIMERIRAFE R R IR A AAFAE. Bk, BRST A i
MLk b % e 2] MGF 3, FREBHLEMET R,

AT MGF H oy & ERARS TR, THITRELER. RERHKF
TZH, RARKGmEmWEE LRSS EMEALR. B, ERERE
FoW & E 3N 5 IRS- 6k 7 # B, SNC AT DLSRAG A IR 4R PEAE R T By B 2E b
R, BlnEtIE 99. 9% A ML Ims. 99. 99% AL 0. Ims 2. KUEy, &
— B ERALT, & —MREME T RE LR, N DA SNC
P REFEMENNEE RS S, W T AZRE DB W L.
2.4 WL&FFAE AFDX B4 & 5

Az w4 W T A4 & LUK W (AFDX, Avionics Full DupleX
switched Bthernet) & H W] AH & CHANKRE TEZEHAR, wEE
A380. A350, {3 B787 L EAAN(EH T AFDX, AFDX 7E1% 4t DL A W 6 3
A EFATA R R, W EEHR T AFDX W 4 o 3% A B 3 oK
B JETF A, AT A AL P 2 R ] B9 M B AR GE R BE BLR B R 5%

AFDX ] 7 B BI85 8 (Virtual Link, VL) Wit4A, —ANEEFA
—ANVL, ZB VLA UER —AWE#E. d845 VL, EXTHELITW
[&] /% BAG (Bandwidth Allocation Gap) Fufx AWK S... AFDX WifE

— 15—



PEN AFDX W £ B, % BB, T AE 1R 2\ X 4 B il JE] BE 1S /N T BAG.
H M, —AN AFDX St B 0 B34 th &k W AR A B A & ok, | 12 Fr

AFDXifif

& 12 AFDX FiiEFiAf%Zk S BAG. mAMERMXZ

A AR B4 M

Smaxl
ai(t) =0 tpt=—/—"Xt+ Smaxt

i

Bl Ht, AFDX % 8y 25 bl LA AR T B AR EREAE. &t
FERERENRESTEMT AR, ERFHENEIIEE LT RIT
P,

Bk, P2 B R AT S AFDX W & Y o £ i B J€ B, AFDX
F oL IEIE IS, A AFDX B KHLA B AR K. EMRIIEF X

FTRE R AR, 3R E AT T AN E LS, mE
MKIEL R (WEERAMZEER. KNME%42R) EHEREE
L Hy AFDX YIT T s 2w M e 2E B RO K TR E K.

— 16 —



FESEFRHY AFDX NLF A, MR 10003 R A, 8 NAK R
M TR4%& VL, EARGEF BRI T TRA/ Tk o ik oy W 4 38 L 5 3%

AFDX W 4ty X R IHE T, R TG ENES (HFHZ AL
W), EERENEA ER . NP R H T AR B N
2

3 TSNIEEHHSMEERFEIXSR

3.1 ATLEMH8E

TSN 8 49 —ANBLFI AR, A TEEE 802. 1BA, T 1 & PUAAAR 4 P 4
WA E. HEERAG RN TSN HEEHIA, R b IEBE
802. 1Qav & X Hy, —Ff&ArIH KN CBS (Credit-based Shaping) . 7& IEEE

802. 1BA ¥, A4 N IXAF — Ak

Table 6-2—Latency targets for SR classes A and B

5K class Max end-to-end latency
A 2ms
B 50 ms

13 IEEE 802.1BA ¥t FBHiE BArAYE X

SR class A ¥ 7E s B fh B R T A CBS EMALH A — K &; SR
class B %E —E M LR T £ CBS BEMAH A — LK &E. TEMK
FAEPHERE AT IR AMEZ: 1) 7 Bk 2) 100Mb/s By UKW A
% 3) RAWKE 1522 FF., FEAERWAHNA, XEAE AR,

— 17—



R Y BRI 2 T8 %K, B LA A A& — 58 5] 6y i 21 i PR R 1 B

TEEE 802. 1BA # [t éa y T —fF A 2E it A, 3@ o 9 U 32 5 5k 6
REFRARE, HEEMRIRICETIRETE T4 5E & &4 5E 0 tel,
BERAEZHEFHTH, REm LRENEERE. FHAEMMER—
MRKB XM HESFS, REARARHENER, XA TEER
T A Y 450 S — AT R R T LA

TSN & — AN F A7, %2 IEEE 802.1CM, Al THzhaltk W%. &
MEFHETHETE. TF A B, FRASERER (SP, Strict
Priority) W&, N &Ehs%H s (HPF, High Priority Fronthaul)
¥AE. k& HTE (MPH, Medium Priority Fronthaul) #(3F. fift
% B HTfE (LPF, Low Priority Fronthaul ) #4254 483 100 4
o1 ZF. 100 ZR o sRE st meE, A7 % B ¥, 5IATME A
(Frame Preemption, @y IEEE 802.1Qbu & X ) J&, A= X MR MW
A&, BB T AEmEmemKeRe. EFESns, LR
10040 H, @A THMEE10AE T AL SO B AR,
[E] TEEE 802.1BA 31\, IEEE 802.1(M B Wy B 484, AR b2 —F
B, SFWESF M.

TEEE 802. 1CM # 4 % y T —Fb & & fk o6 w9 B € H A K, @70
Nz e R F R KB 2. X MER 7 i 5 WA M & 5 — R R TT
.

3.2 SP#yETAEH A
SP, Strict Priority, #xffk4 %,
DL & IEEE 802. 1CM H 44 i+ A R,
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r_;lfﬂ'.l’BF'ing = IsF + rSc{fQusuing - E‘Qr.nmmg + f.-‘l!a.rGoIdmesSizs +Pra+ SFD+IPG (-"r_ 1}
where

top 15 the store-and-forward delay (item e) i 7.1) of the bridge

TSelfpueuing 15 the self-queuing delay (ttem g) n 7.1)

fQueuing 15 the queuing delay (ttem f) m 7.1)

W iaxGoldFrameSize+Pre+SFD+IPG 15 the transmission time for a maximum size frame (MaxGoldFrameSize)
of a gold flow with Preamble (Pre), Start Frame Delimiter (SFD), and the followmg Inter
Packet Gap (IPG)

EW 7-1 AR, E-MEATARGEETH T E. FE T RE,
W 2 B S B ZE D=T+b/R. TR R T, WHZRAMNN,
Eserroening X —B, A8 HF b/R. WHBIZ o, HYF T. KX,
F LR B A o SR AT B AR

ZRWEES, UK TR SP MENREERITH, § RS
FRERER. UWKZ T EmEnh BITE (aEZ kAR, XA
HoHBARE) . RERFERERSER L EF, NEAELTRSH %
B A 2 o JL AR A R M Y 450 0%
3.3 CBS #yaatit &

CBS, Credit-based Shaping, 2:T1zHHEW.

DL & IEEE 802. 1BA H 44 ehit A K.,

Max Latency = tpevice * thMaxPacketSize+IPG ©
(tAlStreams — IStreamPacket+IPG) % Rate/MaxAllocBand + fgyeamPacket

where

tDevice = the internal delay of the device (in mncrements of 512 bit times)
NOTE 3—1Ipgyice 15 an integral multiple of 512 bit times so that it scales with the speed of the media.

thfaxPackeiSize+IPG — the transmission time for a maximum size interfering frame (1522 octets to
2000 octets) plus its preamble and start of frame delimiter (SFD) (8 octets), and the following inter-
packet gap (IPG) (12 octets)

tsireamPacket — the transmission time for the maximum frame size of the stream that 1s being
reserved, plus its preamble and SFD (8 octets)

tSreamPacket+IPG = the transmission time for the maximum frame size of the stream that is being
reserved. plus its preamble and SFD (8 octets) and the following IPG (12 octets)

Rate = the transmission rate of the port

MaxAllocBand = maximum allocatable bandwidth, the maximum amount of bandwidth the AVB
system is able to allocate for Class A streams on the port

tinterval = the Class A observation interval or 125 ps

tAnStreams = (MaxAlloeBand x try.rq) / tRate = the sum of the transmission times of all Class A
stream frames the AVB System i1s able to allocate in an observation interval (125 ps) on a port

— 19 —



FElAFE, Xt —MENTAZNHIET T T =, WA RN KEN
2508 H o an H AL AT CBS By B JE | R Y.

TEAVB W&, EEXE R KR E#HAT CBS (Credit Based
Shaper ) ¥/, B Class A f1 Class B ii®E (A WEELET B) ;
Class A fo Class B yi & & fF A B KB AW SERE S &K
idleSlopeA/B 1 sendSlopeA/B, F, idleSlopeA/B & Class A/Bif
EET R AFFEWEE A E W niE X, sendSlopeA/B & Class A/B
mEEELMEGERENRDEE, C AR LT EmEE,

WETE Talker ACLAEHA T B [A] /= A IF & 32 38 N W 45 o i & o AR
A (r, b) RARA, DIKFE RS W &8 W C il 4 RN,
MEEAEAE A &R, AR ER RS XA,

a(t) = min{Ct, b + rt}

He, bAREWNRKARKE, —RATANZIRENRAMAK Lus;
r AMENRA T FEREEE, HFER Lk,

THEAH RS &R, BATE, A XRE,

L
La(t) =1y, [t - W, () — ?] (4.13)
)

B X &,

IIAANE
<LBE + LA - g.AA)

C

Bp =Ig |t — W, (t) — (4.14)

T
Hoe, [, I8 4 idleSlopeA. idleSlopeB, S, sendSlopeA;

Ly Lg- Lgg 483k A, B. BE RF AmikK, LyREMEFMT A XK
EHRAMK, WL, = max{Lg, Lpr}; W, ()3 N CDT K 4 By it 4]
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wo kR,
3.4 ATS #9asEiH 5

ATS (Asynchronous Traffic Shaper) Z — MNP HFERENLE, ©
S BT RE A TSN 4B, ATS HFRERFLmF ERE, 4T
o SR B R Fo A SR AP AR AR AR, ATS A b AR A SE G R A
FE, ATS R TA AN oo 2 BA B TR ERN
i, NJE B ATS el B H A TR ER T,

Y

ATS XA NE # ATS B2 A TABREZHITREEL, %
BB —NREERE, XTHE—RRE, YHRFASHEE A KE

2

MG, BT TBRARE R, ATS 3 ERH Ay A i &
(FR%th %) A:
Birs(t) = shaper(t) = CBS* + CIR* = t

ATS PR it o B i &% CBS fu CIR' IS8 FH, SHMEE R
T ATS BRF-RE J7. (B 40 R ATS Pra (it o B0 i 2o/ Tk & oy 5 3k
%, WHEENENRSENIEDTRENE L, ATS LT EW 4k
M EEY, EREMHERGNYN, WHRELT ATS i/~ AW LR
A

I

Djrs = h(a*, Birs)
wE B AN R A ERABERY, B a@®=
min{a(t), shaper(t)} , 1EA T — Bk R34 2. 0¥ DT E 5 2 3
B AE ER
IEEE 802.1Qcr=2020 H 441 T 75 — f i 2 1+ & 77 3%



A delay bound dgy; .. (k. /) on the buffering delay for a single hop in absence of the effects covered in
subsequent clauses is known (see Specht and Samii [B&7]). For k<n (i.e.. all but the last hop to the
Listener), the delay bound dpy; (k. f) is given by Equation (V-2).

Z bmax(k'g]_]mm(h}-'_"rl}’,ma.\'(k*h}
B g = Fylk,h)w Folk, )  Lin() V-2
dBE' nmx(kﬂ _lnaXhEFs[k._ﬁ : I:;;:k) - )
R(k) - > ol K. 2)
L g Fg(kh)
For k = n (i.e.. the last hop to the Listener), this bound is given by Equation (V-3).
Z bmax“j‘ g) _'Tml'nm_!LP,nmx[”‘ﬂ
( I (f)
du-- (n.f) = g € Fgin, f)w Feln, f) o tmin'J ) V-3
BU, max f ] R( ?’!) ( )
Rn)— S Fpadn.g)
g Fginf
where
Fylk. /) and Fr{k. h) denote the set of streams transmitted in a numerically higher traffic class

(8.6.8) than stream f and a stream h, respectively. at the upstream
transmission Port of the kth hop

Fy(k.f) and Fo(k. h) denote the set of streams transmitted in the same traffic class as stream f.
including stream f and stream h. respectively. at the upstream
transmission Port of the kth hop

I1p maxkf) and Iy p 0 (K ) denote the maximum interference length, in bits, by any numerically
lower traffic class than the class of stream fand a stream h. respectively.
at the upstream transmission Port of the kth hop

Ln(f) and I; (h) denote the minimum frame length of stream f and a stream A,
respectively, in Dbits, including all media-dependent overhead
(8.6.11.3.11. 12.4.2.2)

b,..kg) is the maximum burst size associated with a stream g at the kth hop.
in bits

Fraxl K. &) is the committed information rate of stream g at in the upstream device of
the kth hop. in bits per second

R(k) is the transmission rate, in bits per second, that the underlying MAC

Service that supports fransmission through the upstream transmission
Port of the kth hop provides

FRERE R, ERHNEN, REEMR. FLAAV-D), TEEE
— MR, A THE-TRFARGRELK cdbs, F = TUEAERKbN
P, MRAAFEHRLEERREFAEGRERRENL cir (B4
B) o . (2 TE TR -AMERX, XERE, F AKX
X AnlEl &, REESEN NI #E i)ﬁﬁzz/\‘%ﬂhéﬁzﬁ%lﬁlﬁ] e 5k
ERAMEE, XU E T AN E, TUSE,



MU ETET LRI EZRE, £T ATS Hlel i E#4T T &
BREEL, HIMRENRK cbs iR cir AF -k tHZCHE. &
WHEAR L, ENEESE TN TFA Hik—2% (W 2.2.1) , ERWH
ik, TFA A v # kG,

3.5 X THFE M4

— B &, A T8 (scheduling, TAS) , i %)% it 7€ 5t
BHEZITHEOALTE L . S8, B TR D 3R JUAALE R A
A, Bl BAKRGITEART, X —HonREEAHENEZRE
R, MRARRAHTHE NGRS T dEeREEA QS. ¥
MEEMIFF. XA, XUy E 6 EIE B R T DR I W 4 ot
AT, MENERE, FTEERSFBLNESR L, BEXBAMRKEN
TP b R RG], WA AR T, F] DAn E— R KR B E
TR KB (MYEET) . SEABRE, XELHREH.

4 NEAMEEFER TN AE

4.1 BE5AREEAE
KT EEE R, BT AR —ER R,
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