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(XSNP: An Extended SoC Network Protocol for High
Performance SoC Bus Architecture)
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(Chanho Lee)  (Sanghun Lee) (Eung-Sup Kim) (Hyuk-Jae Lee)

® % FHZ, SoC AAGT7 823 AP glor, shie Aave Bt g 59 [P/ £§F
I gtk 22 1Py 5832 AT AAEES Folv] 93 U TRESH WA TRE d7H
I Aok 7189 FH W TR EAHE dAs e AtE SNP(SoC Network Protocol)$}
SNA(SoC Network Architecture)e= Z+2} peer—to-peer W4]9] T2 EZy W2 Fxolt) §38 AMBA
AHBE UITFE SoC Al2®ld] thd A 72E 7HddE B3 AY EFo= Az sigth
g2ty J|Ee] Be IPEC] AMBA HF)2E 7IX3 1oy SNP= ZZEFY 4yl 385A
2 FARS RN Yok 7)€Y [PEY UdHFO|AE SNPE vlFY] A7tAE AlZ Atd B 72
dMx AMBA AHB$IS] AL A3 wiAE 571 gioh B =FMe 7189 SNP/ #3"
XSNP(extended SNP) 23} SNA 7|8 A=A ©]& XYshs SNA FEXVES Asict. AMBA
AHBS} SNP Alole] T2 EZ WSS x|Usl7] Y3l 7]& SNPY Ho|ZE 1 HE Ao AJ=2& 8
He #Ho)l=E Frlslct wEtd AMBA &8 715§ [P SNPE B8 A% 4] ¢lol AHB-to-
XSNP #3718 58 54T 4 ok =3 ol &% W& AMBA AHB # ofvz} SNP} o8 o
2 ZREZ Alole] A% W E oj&dtd SNPY #4943 Aes THNZ F doth ALY 7R
AZ/B7E Q8 YT MEdolAE £335en, AMBA AHB9MS] 3844 3ol A7} gloke A
< A3k

719]1= : SNA, SNP, & 3 vl2, SoC ¥, & A MEY=, a=2n g9, AMBA

Abstract In recent years, as SoC design research is actively conducted, a large number of IPs are
included in a system. Various bus protocols and bus architectures are designed to increase IP
reusability. Among them, the AMBA AHB became a de facto standard although it is somewhat
inadequate for a large scale SoC. We proposed SNP and SNA, high performance on-chip-bus protocol
and architecture, respectively, to solve the problem of the conventional shared buses. However, it
seems to be imperative that the new on-chip—bus system support AMBA-compatible IPs for a while
since there are a lot of IPs with AMBA interface. In this paper, we propose an extended SNP
specification and a corresponding SNA component to support ABMA-compatible IPs used in
SNA-based system. We extend the phase of the SNP by 1 bit to add new 8 phases to support
communication based on AMBA protocol without penalty of elongated cycle latency. The AHB-to-
XSNP converter translates the protocol between AHB and SNP to attach AMBA-compatible IPs to
SNA based system. We show that AMBA IPs can communicate through SNP without any degradation
of performance using the extended SNP and AHB-to-XSNP converter.

Key words : SNA, SNP, on—chip-bus, SoC bus, on-chip—network, crossbar router, AMBA
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1.ME

3471¢3 EDA £9 A< uwebr shie HeE
t}ol(die) oA Ho} B P EE2 3o rigdog
7VsstA =HAk olF ey weEE dEwitoe B
A 5 G ZAgako] B RoM Bew e ¥Y A
g dato] e 7T itk WEIZEZAMIA SoC(System-
on-Chip)dlde A& B4FZ(communication architec—
ture)oll Al WEG}o] A3, T/ BA A g
HAZE A 23T 9 A= HF AsE F&
g i 5839 Wyo] Hasi Fd o]y EAe
71&9 SoC ¥27t FHHl2(shared bus)TEE 713
L 2H PEGYo] LA Ey] otk

A A A 0% oS ZAAEa e ARM
Ale] AHBE[1] o2 wl2d) vlsfy 84 7ha3 =g
EES /A7) g A7E SoColrMe Hlmd A
AR 47 JAh ol whet B2 IP WitiEe] AHB
33 IPE N8l SoC AlZelA AHBE 2 3 &
o qEAHE =8 gou), o|MY [HF WA TZE
22 SoC 7E7F BSAEAM 2 54 AE
z3z gltk &, AHBE @48 SoC AAde A%
AT BRAE SoCEoge 2 7% BE3 Fo|th
w2t AHBO EAYE SHe= AE2E SoC W& &
9] "aie] A3

olo] wigt ity FHUE dArsET g NoC
(Network on Chip)®] A-¢+Xx ot&7tA +4 Felrt A
XA BFste 22 uEE AH2E AT A
Bol 23] AY AR Frtet e AZE 4L F
Atk o= 7129 HAFEHY MY AFE AT vE
12 FEAHE 2dE 2HEl) gid Arvle £
H2). Gurrier & W&o YEQA TRE A o
/e disiA JdFPed VEHa 725 AEY
W WErze B4 F71380 FAE7)(latency) 7t A
3, A3e AEE WAS A o S F8
d¥oz AHHYcH3]

giR7Ee] 71& SoC WaFzReE £4 EZ=ZA(topo-
logy)g Zte OF W& 28 d48 AYdla 50
- FAAHE XNYIAEE HAHAJUD AMBAL4],
Wishbone[5], CoreConnect[6] $°] HAE3Z o= B £
At oL FARA L FUHEY 2 54 olele
ME FAK F2E 7FAD 17] Wi AMBA W
9} AR 2AHES #3 dck

metx] oEF EAFAES Ay AM @
TZE 7IAEA Al e vixEe] diEq oE )
d& AFFezA qgEE Fraj, W FriEe
IP9] F71e st o] &ol3 SNP(SoC Net-

work Protocol)®} SNA(SoC Network Architecture)7}
A ATH7,8].

SNAE F4et gy Ao 23ZE dolgt A
EIANFI A AsMe FMg HAs FEE 3o
449 £E UIE £9) SNPE{9] ¢H#HA X2 g
22 AHggirh SNA W29 B84 #4284 E 4N 7))
9 Ads ze Z=22Hl #9-E(Crosshbar Router)$}
olg8] H3AEE FASE FY FANAHGlobal Arbiter),
a8la [P EE sub-system® AE22u 2hE9 42
A7t 29% #@s/B 2 A(Switch Wrapper/Bridge) 2
T8
AR el A FERe T2 EF] YEFHIUA
F, ARM ZEAMSe $1 d4A, I8 gojis,
<3 TREZ ERoZ AMBAE ¢#3] shAd)A

AdA A Eo] 2o]3 e WAFRo|th I
9] £% IPE°] AMBAES X|93}7] w&e) ol
I AZ2E & A HEE MY gsiMe 71EY
IPE oA AASoF sk 7Avt2e dA7E dasiA |
ot welA gRE IP AGdAES AMBA A4S
7HAE 722 AASIsD, 2 oS AF SA4E
FAE g RATE ©lF #13 AMBAZ|E IPE SNAC
A 42 & J= AMBA-to-SNP ¥ 7|7} B3}
t}. A9k SNP7} ZEA o2 AMBA Z2EZ¥ 5%
Aol f17] wiiel wHEARAGA ozt JF HA &
A= MRz F712 B AXe A7 ET
ol dlojet ngd TE gdF9 FAZHE Al2He]
TS A7) A V1EY Al2"E fAT A W
T SNAZ wWARHE 2§ &8 A2 oA
& 8735 BA X3T 294E 7HHE & Ut o
3 EAl= SNPS AMBA AHB9lo Z2EZE 53
2 Ao & EAlo|lEg o) TEFHow IF
slof gt
- B EEAAE olEd FAE s1Zs] Y3l AMBA
AHB®} SNP7He| 3848 AYshs XSNP(eXtended
SNP)& Agtgkt}l. XSNPE 71& SNPY 2 341 7
o]Z(phase)& 1 HIE &FAA 8 79 HolzE F7}
AlRozx AMBA AHBS 3848 I8 & 9u
T2 EE HEVqA vREE AASY dWHyE Y
F Ut oo wWel TEEE HEd wE HIEE
d1 Bs FAEE 4 § Uk EF XSNPE &
SNPe] #Ho|2E @3] 1 HE FHZAZ ) i 7|
& SNP#He] 584edx= A FAHA ge=vh SNP
Qg Fo]~E 7FRE 71E SNA A2EHE Foj= A%
1 HER FrlEe s HEA3E oW 9 ix] o=
. @EtH XSNP ZEEZS AMEShE SNA Al2dle
AMBA AHB TPste #¥8lA 5.8 slssit. oz
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3 U9 AMBA AHB ¥ olyg th& s =2
EZd 7)¥Hg [PE SNA/SNP Al2doA] ]2 o
T 2 4% A% flo] AL 4 o] SNA/SNPY &
255 34 BY & U FPE ZT2EZ S AFE)
98] AHB-to-XSNP ZZ2ESZ W/|2 AHASn
FPGA Folx $2& AS3Ah

2. SNP 7|tio] I2EE Y| T

SNPE IP 7l wet sojvs E8ld (wire) F
£ =Z2eZ dddARy 24 £ A uzEUth
SNPE Hole}, F&, Ao} Al 259 A5Eo =% &
o] 32 HIE Adg Bl Ha dgpo) sheEA met
HAdk weba gk (duplex) BA1S Ys)A 64 BIES]
w2 Ho) Pasiy, 7)e} Alo)= WE(side-band) A&
g 55 X% S= 74709 Mvtez opldk EAE
@498 g ¢ Stk Alol= W= AFdE #Holz
(phase) A& 6H|E(Z Weko] we} 3 BlEA)7 23
Hojglrk #o]= A &+= IDLE, RP(response), RD(read
data), SP(special phase), CO(control information),
WA (write address), WD(write data), RA(read add-
ress)9] 8 7le] Ad AJuiE vehlz] 98 A&Eoh
oleloll &M (reset), E8(clock), VALID, READY &
% 4 FFo)th 7] VALID/READY(Z ko] uw}
2t Ztz} 1 HEA)E peer-to-peer A 3lr] $5)
7102 PQag validation/acks YERNE AZo]ti8].

28 12 71& SNAS 297 =9 AEH iy
TZ5 BAFY SNPE peer-to-peer ZZEFo]7)
g2 vx 83/49 #HE Nize ¥Fgsia gdet
(8. Wt 29x Ysie FE2v F9EHY Ha @
B/Ede Bl B AY9S gidl sdsjor gt} o
T 294 #H PEEHH o3 YN AgH 2

M_sideband®
M_CHANNEL

IP | s_sieband
S_CHANNEL

]T diract_busy Crossbar

Switch bus_reqesti0l}  Router

Wrapper
Controller bus_grant{1:0] (XR)

S_sideband IJ’
S_CHANNEL S_sideband

j\ S_CHANNEL
M_sideband M_sideband

M_CHANNEL M_CHANNEL

M_sideband
M_CHANNEL

Switch Wrapper

8_sideband
S_CHANNEL

"M_sideband: M_VALID, S_READY, M_PHASE
**§_sideband: S_VALID, M_READY, S_PHASE

29 1 SNP71¥Fe] SNA =$3] 8y 7=

i 292 ¥ PEEHE A Uo|IdE e84
oud HeEE FE3A gevds AL AHNszES
o] &3t Az 2ul FeE gEle 4EE YT

SNP 7|¥te] AMBA AHB 38& 293 #¥e Wy
Fo ZEEF WIVE 7T 9l WA a3 go)
HdE Z¢8 BEE AUgth a2 264 7129 SNP
7|92l AMBA AHB 384 294 #¥ 723 8o
£tk AMBA IPE 29 e dZ4% o, SNASH
SNP <QlE#Hle]~E wa7] 3] ZE gy} Z2EF
HEte] FpHoz  a7PTt ZES PAEEF(flow
controller)= ©]&]3 4&-& =33t

AMBA AHBE HWZE A4 Al SNP Mz g&
S5 4L A4t AMBA AHBO) 7% B2E A
FA mtAEE w gl7l/222] ERAA AlolZrit) &9
olHERE $HE AT ol weF $Ho] 9leA o
& EWAHo] ojold F Qv ZEEE EAL 7IXz
Ack. §HE, SNPE AA| WAE A40] By Ho| 3¢
£ 879t ol SNP7} BAE AEL 7s}ste] W
E(back-bone) BX& T2 EZ HsA DAYV
fEoltt wAa £29 AEEYHE oY TREZY
o] B8] RIS FH37]) 98] FIFO(first-in first-
out)} Z2 U vEHE Zisle HAE A4A o
oletE EF AAJL olv), wixHE E2¢ AEEY
o] dHolets M4ty E2¢ 7AEETE AMBA AHB
ZZEZY e $HE By, o)F AR dHolgk=
HAEZ EH2 &yo)dd AFHAY. 281} o] Wy
e o 7x EAde] WERAT WA Wi begs
Q% F2 FAEEHY] HARZA Y, F HAAZ WP
H2gg A§ AL FE7|(transfer latency)?} ZF7}sh
g Aotk mpAZo g o)2d WYoziE AMBA
AHB9 H2E A$TE= Z “ynspecified length” Bl
E A4S 483 W8T $ qvke Aok

Flow

A ] controller ]
H FC) N
B ]
&
M R
( )q—- "] | [ Switch [_]|Crossbar
— Wrapper Router
low
A Controller (SW) (XR)
HH Fo -
B (1]
Shals
jee] L 1 ]

a3 2 SNP7|s+e] AMBA AHB 338 29 @3

3. XSNP 7|tte] T2 EF HED| =

AMBA AHB E#A4 &5 SNPEZ @ o 2
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Asle BAE AA37) 98] 712 SNPY MSBE 1
HE st XSNPE Fosigc 38 HEE:
AHB-to-XSNP wW&7]d] 2sjAnt QIX=n, &
SNA ZAEXUEME 345 HES o83 AZ3 E
A= A(transaction) &2 HEF} ol SNP 7)ured
IP9= o EAIglol FAlol 73t

E 1914 F7td XSNP9| #Hlo]z ©elgle R4ZFt)
A% 8 vig] BAE AL 7]E SNPY #Hol=E
e, olElE oF-2 ulg fd AP AL FFH
Ho]z2E Yehdt} 7|& SNP glo]=7} 3 HIEZ} 2y
shtel Hlo)z& Jehle Ads €8, 3" XSNP
Holze HIEER onyt Aojdct ek 3AdE HE
7} ‘09 7 XSNPt 7]€ SNPe} g3 dX|3iH,
‘'Y 3¢ AHB-to-XSNP ¥3#7]= AMBA AHB IP
ZHE & A3E A9 Hojz EZE AMBA
AHB® 43§ 232 aggic

49 dol= 2359 39 3 HE &= AMBA
AHB9] Alel= wl= AN%Q) HWRITE, HSIZE,
HLOCK® A#1& Jehdth PHASE[D]S 0 =& T
olubol wt Zzt ¢l719k 27 EdAME Uehdch
PHASE[2:]1]= Ed#AH9 HSIZEE vehly, “00"&
“byte”, “01”€ “half-word”, “10"& “word"& ﬂ"]?]'
a “11"8 “locked word” A$E Jepdch

AMBA AHB =Z2EZIA9 tikdt A$ Bl
XSNPolA < “unspecified length” B|2E A$oz ¥
8ok W (wrapping) HEE Ele T A9 “un-
specified length” W2E A$oz UHAL: ol
XSNPelME F2gke] 34 Z713gn 713ty 9
oty HAE ¥ AHB Alol= WHE 37t 429
2 H2E B{oE AEHAT FAT, EoiW &4
© 22 #AME AdE] ZAe Ul XSNPoA
£ 71& SNPAA A" AAA7 A 5 A &

E “SP(special phase)”& @Y AL EE “unspe-
cified length” W2E A4 #& el o AR
o} XSNP¢} ZZEZ HE7|E= ojd AMBA AHB &
Hoz A=z gert

XSNPe) EdAA gL 7)E9) SNPE 7oz
sled, SNP P ©2 Aolye A=A
AMBA AHB 7¥ke] TP Z2EZ #Ir|E E3)
AHB A35E 4A3sl AMBA AHB Al2=djAls} 2
o] &3 4 gtk AHB-to-XSNP. #H@7|e & A
g9 AMBA AHB 2 EE3 22 X529 4 91
SNA9 294 YAz 7|& F=oA ARHoloF A
AHB EJAR A5 E AF3A golm B E3 7]
& AMBA AHB 7|9re] AlZ=Ho)A AMBA AHB ®
25 SNAZ ZAY AS A2"9E FAHA Folx 4

FEE

E 1 XSNP9| oz g

Phase Type PHASE[3:0]
IDLE (ID) 0000
Response (RP) 0001
Read Data (RD) 0010
Special (SP) 0011
Control Information (CO) 0100
Write Address (WA) 0101
Write Data (WD) 0110
Read Address (RA) 0111
Read phase (R) 1xx0%
Write phase (W) 1xx1
Byte transfer (B) 100x
Half-word transfer (H) 101x
(Ful) Word transfer (F) 110x
Locked word transfer (L) 111x

* X ! don’t care condition

F AT & 2 SNAY O Ad AYeZ 3y
W& Al2ge tfidZe] Zrlsle] AN AlH
A%S FFAZ 4 ok £ XSNPY T2 EE W3
7% o]&3ldd AMBA AHB IP7F E4 Al A% 74
glo] 76 7 spolojwkg AREEY] wiEe] AHAYE
ojolol g UiF 2Y & Qlok

At Al2®elA zeko] gitid HSIZEZF 32 HIE
7HA ML= P, HLOCK 4157} “word” Aol diafA
@ A PEths Aotk E3 32 HE dolgk Ade) &
ygl 2A2Z back-to-back AgolA 3 Ale|E #
7171 S oy o)eldt Aee RIW3E] dAg
A ool FAE F gl zo|th =3 wl=A] s}
o Helz AJ3E 1 HE Frlste] 28d A@d =3
= g9 § Uk gA=Ae 23 A =40 A%
o Q3L Ao Fx gornz o= AFE FrE
g8 4L gtk oA Akl F32= AMBA AHB =
2EEF] 384 R4 o FARE A de

W22 HFE ¥z dZF9 IPY FU 87 WE
AEF)A & M BE AEE AR dde) st
E7Fsol Mgtk et AHB HES 483
2= AE#]AE AHB IPE Hl2E&o 2 Autsty
o] HIAE IPE 7ol 54lo] AUR oA =AE
B WA 2Ee TS A
HXE P= wtaH9} dolng A" 72341
Ade ¥ 33 gl upiy [PE fYd2RE AR
AHB E:#4A 7% (description) S ¢lo]4 AHB EA
ARALE AP Edold [P EWRAP AEE ol
A ARQE Fad S 2AG AR Y ;S u
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g3t wi2g [P dhgkE g3 Adizks elastd o
g Aol ©]F AMEA A UL EJ SHolRER
B OKAY7} obd S%response)o] &< oje o]& &
AFD 4 uZFHY 270] YL W o] AMR
A gbck &dolB Py EWAHA Ao HEv)
AHB #Z2& A2 A1 A=AE AABI $ut
(violation)o] NS whe} 2 wPGHA A3t &
oJghg o) o5 ¢ LEolBdE T $HE ulE
F e 715E AFA, AFD Fao gE 2H A
A9 39S 3I=E & 4 3lch RETRYW SPLITY
¥ AFE Fio £AE 2H 2 FRF9 Ao
£ Ho) RETRYY SPLIT 43%& dA=E &
ATk

Transaction data file

Two-cycle
ahb.dat N Y Response
ol oo o®
g Tz T o> Sloedaa
Comparison <e <o <% =
of read data [+ — ——] | Check}ng !
with expected data Protocol violation

1% 3 AHB EdAA H2ESR IPY /Ex

Y 4% SNAYA XSNPE AMR-@-S wo] 22
HEY 2359 3E ¢ RoFrh WA, AHB viaH
t ERMAS ARsln, AHB 238 Z2EZE W)
2 Byt 4" AHB 43e XSNPEZ #H@Hy,
M_CHANNEL(£AA7F Y& Ad)S 53 222
H Z9E 2 299t 222 g9EE Y B3
72 A3 E AL, AHB £yolBe Z2EE g
71E ©o|2 9A] AHB 432 sk AHB &do)B
9] $P94EE XSNP Az E wWgso|, S_CHANNEL
(5FAA WRUE Ad)S 53 AHB ti2HE A
gHcl SNP [P 7] SNP ZEZESS A3, &
Yx HHe A9 I} HES & F7)8le] XSNP A
52 H#YTL AHB ni2E7l ERANS AFE A,
Z2ZEZ HEU)e M_CHANNELE 3 #s F4(Al)
& A3 WRIT: olnf AP XSNP #Hjo]= A%
(R/W)7} Z2& Al7]d &¥dAc} “wait state”7} 1Tkl
7H438E ®, 27 Holeke “W” #Hol=se 3 M_
CHANNELS %3 A0, oAz A dojge
“SP"} @7 AfEHo) ERMML EE gUT EFHX
Me S_PHASEE F3] “RP"E Agdt) 97 EXR
Ao 7%, 47 dHolelks ‘RP"$} §74 S_CHAN-
NELS E3] A4t M_PHASEE “ID"E A3tz
upxja Aol “SPE Aggich

AHB IPE SNAd d78l7] 9s)4= AHB AEE
XSNPE vz, A4 XSNPE A AHB A%

fot

X) Crossbar Router

L X

X: XSNP

AHB
master

Switch wrapper
Switch wrapper

A AMBA AHB

3% 4 SNAE 53 AHB 73t IP Ale]9] 54

A e 2ol Hasich o] 2] AR o]Fo
A7 god, SNAE ©&% AHB IPztd] FAlo] o%
o]d < fit}. WX AHBS XSNP TREZ b9 4
3 wgo] FFHOZ o|FR=RAE AFI= Ao
Zostth 1Y 55 XSNP T2 ERAA elo]d
Z24, b Ale)g vt} WBEE A5E AASA e
At A $jel vehd AHB 4A&E AHB vhAE9) o}
2Ee] dZ4¥ W#v] Alolel Yehl: AHB AsE
veld  Aojth. {HTRANS, HBURST, HADDR,
HWIRTE, HWDATA}E AHB wl&HoA WRUE
Az olw, {HREADY, HRESP, HRDATA}= ®lAE 4
AZE W7 AHB vl2EOA $E3e 4Zoth
2 o}l M_CHANNEL-S AHB viAE 9 4Al5& o}
A w2E1Z0) 3l AHB-to-XSNP ¥i37)7l @

oooome LTLLLLL L
Test ] +° HTRANSIDLEL N 1 S | S S [IDLH
IMaster.v"' HBURST INGRA
HADDR! AL[AZTA3{A4
HWRITE! |
HWDATA, WD1IWD2|WD3|WD4
HREADY
. HRESP) 0K
AHB- '______y_g_Dﬁ_T_é___ RD1]RD2RD3| RD4
XSNP MVALD T ] B
" M_READY |
M_PHASE  [R/WI_IDLE/W | Sp
......... M_CHANNEL DI[D2|D3[Da
SNA S TTSALIDD T T
S_READY] [ ]

y S_PHASE RPJ| RP|RP| RP
AHB- | somawned | D RDI[RD2[RDS[RDA) |
XSNP HTRANS NislIsis

HBURST INCR

HADDR! AlfA21 A3 A4
HWRIT! ]
HWDATA WD1[WD2]WD3|Wh4,

I HREADY
Test [, HRESP oK
Slave| * HRDATA! RDI ani 3[RD4

RD
29 5 AHBS} XSNPzlel A5 HE
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1Zo|tk 2 ofefe] S_.CHANNELS AHB &dc]H 9
g woir ZHolBEFd Sl WHIUIZE XSNPE
Bt vlaE O] Sle W2 Adsie Azolth
W olg} AHB A&E AHB Z£@o|B9 &£dojHd o
28 WE7) Alold] Yehls AHB 4135 EAIS A
olt}. {HTRANS, HBURST, HADDR, HWRITE,
HWDATA)= €dol2% ¥#717} M_CHANNELS]
AEE B3 AHB vl&E A3E AT Aoldh
{HREADY, HRESP, HRDATA}& AHB <do]rs}
do)nE W7} A3 AHB vhiE Aze) sl
SR2E A3l

XSNPelMe RE BAEZ Zolyt A A ¢
o FAE EWYHo] Aggd me JFvisttn e
st ok A7 AHBY #F H2EQ ZH$d F4
7} Zrbsiclrt 94 AA (boundary) S dolMH wo]x
F2(base address)Z WHZAHT: o] A9 XSNPE&=
EIE F71 gloh fuksiE, XSNPRA Fae #S
g Wt AEHn FAZN FAE ZIMAA AMSE
o, 2% 69 9% Yepd ZXY XSNP #Hojze
I WAEE I 4 ¢y diFeldh oaba] 3hle]
AHB @38 B2E+= F 7)¢] XSNP Z7Hincrement)
HAEZ Uirolx] ALt o pPoa F7rel W
W =sF BT 2 69 LEZY RAFT Qe
AXE F27t HWHZ AAAZE e XSNP ER
AAo], PP Frt & }e) XSNP El o] Hr}

AHBE dto]l=glel W A(pipelined bus) TEEZZ
A wolglrl Jer] A ao sigsls F49 Ao
Az7} iR R Ale|ge] oA "ok AHB HTRANS
Az o= BUSY?F EA31t) o]AL w2y [P/} oS
beatE vt AP 4= 1S ®, Tk violg Alo|ES
& ¥ AYgEges otk aE XSNPE F49 o

l-(){l

2 & oo

oyt Z& gL Fi AL W] go]=alel
25 A ¢t AHB-to-XSNP ##7]9A AHB
wAE IPERE BUSY A35E ¥ghS vl BUSY o]
A beatdl] tiF dolelE Af Foloh wkM T A}
o]Z¢] M_VALIDE “0"cz Udozx BUSY Az
g A5 & g Aeolth 2, BUSYZ: ukg
XSNP AzE &HolBZ: B#JdN AHB A
BUSYS wtdsle e &A47) sivh 29 79 ¢
Uehd Ax™, M_VALID7F Weizd Ale}Eg ¢
£ olv] £Ee]BE WEAIM FAE WEYE Fo
o e F2E8 R Ho 7P dolelrt =&
A &2 A4$7t "ol AHBOIA oju] yid FiE
e AlEA HAT 71 gorz #HEldis
&FolBZE HolelE AFs ok A, FAET wolel
2 oz Z8 A7t 922 7)ekA ggw okt
EdolBZog HLHTt olE WAEy] M, mix
HZ Aol BUSYE ¥3ke o, d4) 2ulz e
Holelzl EddA] uixul dHolEQ)E SPR FAR
o} BUSY Apej&Ee] Eun oA Fiv) vhEEERE
Ue o HErEe o A2 ERNAL AP o
27 &9, st AHB EdAAL BUSY A $9 &
A EdAdor HA HAR, 1Y 79 LEFH
veld AME BUSY Alojgo] 9xd T2k £do)
BZE W) A A3 QAT F Aok 181 BUSY
ol ERAFe] UHA Hulzl: BUSY #&el 4
E Ale]EE olgsiM UM F A Eddie F4
£ Ayl ol AlolE &sie Qith

AHBS} XSNP ZZEZ HE 4o A3 AHFHus
93 AEHIPE IR Wa T2ETL 1 5
g T2EF AATY vze Toushu, Wash o

rrigigipigEpipini i ninigipinipiph
s LA AN [LOfN A HreaNs [ R TS TS s Aalsisls
HTRANS [ N LS N S HBURST CEl INGAH
HBURST [ WRAP4 RA HADDR [AT[ - A2 [A3) Az X1 ERIIY) Y
HADDR 014 418 HWRITE
HWRITE HWDATA D1 - JD2[D3[D4 L [5203104
HWDATA D12 (D34 DI D2 [DIfDa HREADY
HREADY IR0
M_VALID (- M_READY
":{-‘:“;\‘;‘E( e I - M_PHASE [WAIWD[wo [WolwWol sP = [WAISPIWAWOIWDIWD
- WY SES o W W M_CHANNEL AT —TooI0alpa) | .S pY1 P33 DA DRI 61
M_CHANNEL| A1 DI D2] D3] D4 = CiDtl 0 ID2]ID3]| D4 *5
=== HTRANS [ N sIs 2 [NIDN|STS
HTRANS| NI S 1 SIS vs NIDIH N§ S S HBURST UIO}
HBURST [T 3 o e (NG — T
HADDR{ C1 0114118 T [l W Al A3] A4 Al - FA21A31A4
HWRITE HWRITE
HWDATA DU 2 [Dsf e TH I 571 DR ) HWOATA YN I 7 R Y| [bYR 5N Ii% IKI Y
HREADY | HREADY

1% 6 AHBS ¥ ®2EE XSNPZ ¥3lAZ wjg
A S g

¥ 7 AHB BUSY 4152 XSNPE w3tAZ w9
wAAET 3
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Aol FaA319L e 45$ vimsieor it wat
A, 9% AHB AlEdold 2de 1Y 3, 49 2ol
AMBA ©Bl29} SNA 720 Z+z} 2§38l AlE# oA
F AR}E ¥ 204 B9F3 ok AHBE 74 Abo)E
(request/grant Ato]Z 113, back-to-back &4 BiAl),
XSNPE 79 Alo]ES Aulsich AlEdlold 43 oF
5 AtelZe] AlyatelE Holx J&H, ol 29 69
UERG blel o] @3 BlAE] W Y Fo TA
He evse ffojth ¥ 29 F #is AlEo]Ad
Al INCR4(Z7}8 4 B2E)9} Single(Pd A4)E 4
o AlEdeolde 100 3 WEsget AHoA back-
to-back B4 wWiAEAT. AMBA AHBeA UEE
otAE7E ARE A9 23 (request) AtolEo] BFH=
o o= gubHQ AA3fe] opd B4 wiiEelT RAlE}
£ 7A%0)7] Wi B A¥drMe o Afrid 8
Alojge] gasittn 7Pt Age] AR T 7
Z9] Uty Ase IS ¢ + Ak

71&2] SNPE ol&3le] AHB 418 3¢ 4% =
E WAE EAL dddgoz HEdle A4 okgith
o} SNP$} AHBS}Y) $% AF<] 3po] wjoltt. we}
A 5 MAEES A5T 79 AHBAAE 8 Al|EE A
287} 7FsEAt SNPE o] &8 7% 20 Ato]&e] H
a3t} el SNPE o839 AHB B41& A9% 74
$ 2w ogel A% vl a8g 4+ Uk 2y
XSNPE= #H@7|dA S7& AAs HdozH W
E Afo) 7Msdle 8 Ale)Ee) A4E 5T F STk

AP H2E FA9 79 XSNPolA Hs== <l
3] AHBXET} & Alo]2 o Aamslgert 44 AHBel
Al A BAEE dEbEQ $YolB FAld AAgEE
AR FA4(cache) A& A7 Y8 F=2 AMEEYG
(9. &, =2 29 AgZAzoM BRe AXNFE 49
Zdlo]Hoe] B = XSNP7} AHBY £58 4%
< HY £ S & & AUrvh oA XSNPE AHB
B} AL o B2 gololE & AT T4 flo] 2@
Ae FAT F IS APE 3 € F AUk

X2 Z2EE AGHR

Pratocol Converter
AHB (for XSNP)
Z23 1= 74 79
Z7 2%% 900 900

* 1 AHBY 871A] A%< 3 ¥ A 53
*+ : AHB®| Increment 4 burst/Single A4 100 3] ¥HE(Back-
to-Back F4lel obgd& 713)

5 4 % 78

AHB-to-XSNP ZE2EZE W&V Verilog HDL-&

o]-&-3t] AA Qe Xilinx FPGA9} 0.35um CMOS
A golBHadM FAAHAY. T2EZ e V&
of Z22% AEEHE dA It & 3 HES Ho[=
Az7t 4 vER FAHFoH, T e F4 WHEV|%
237)/328 2 HAHAh o] Wile 723
WAZIIE of7) Al F YA, ZREF WEIY d
A 749 712 F4 H37)(address converter)?] 7Y
AE G AHEFoEA AA FHE AT

E 3945 712 SNPS XSNPE& 29 #we A
AU nE RoFErh Z29 AEEYY) T2 EF WY
£ SNA A2®Ho] AMBA AHB IPE +&3l7] 98l
AREE E 3004 FAEE 20 e 29X #HE
o T Jle E2¢% AEEY Fe TREZ EHII)
AFHNE o zdo|ch ¥ 7|E9 E2¢ FAEE
Y7b 29 oo £ o] SNP P9} AHB 1P|
gt M2t 29X ANE ARBSler IR AdE @
2] AHB-to~-XSNP W& 29 #xe £ei5
AHB IP7} dZHe REdT ALgsta Ho| AdA7}
9%t XSNPE AHEEoezAM A2 85%9 WA 2
2 89E B £ glon, FEIL 24sAr] died
AA A% A B 70T 5 Aok

¥ 3 7]& SNP& XSNPE 93 AMBA 338 29
2 #=e] WA wlw

Orlglnal SNP XSNP
Target (1 Switch wrapper ’
technol ith 2 Flow (1 Switch wrapper
echnology wi o 22 Comvertors
controller)
Xilinx Virtex 800
(FPGA) 1,200 LUT 775 LUT
CMOS 0.35 um
(@100MHz) 13500 gates 1,900 gates
6.2 E
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£ XSNP ZEREZE AE o]& o}8§% AHB-
to-XSNP Z2EZ uWirV|E AAsA  Ag=
XSNPE AHB HAE oA 7]& SNPE o] 8-3he
AHB A3z H@d o dAse o= FEI|G E=2
< AEEFY YW Z HHe BHE AAY ¢
2tk XSNPE 71& SNPS} 99siA 3871534
7]& SNP QlE#o]2E 7}1AE SNA Al2Hd] A
It FA g AL /Mt weli XSNPE AHS-
gozZa SNA Al=%H-S SNPS AMBA 7149 IPE
2T ALEE 4 gk AA"Y AHB-t0-XSNP Z2EZ
W3yl 71&e] SNP 7|9 ¥Er) WA 15% =2
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