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ABSTRACT

In the current trend of The Fourth Industrial Revolution, System-on-chip
(SoC) design plays an important role in embedded systems and is a leading
field of many industrial countries around the world. The rapid development of
semiconductor technology makes it possible to integrate more and more
components on a chip. Bus protocols were developed and used as a common
interface for efficient interconnection of on-chip components, reducing
complexity, energy consumption, and manufacturing costs. In this paper,
we compare two popular bus architectures WISHBONE and AMBA AXI
(Advanced Microcontroller Bus Architecture Advanced eXtensible Interface)
based on the point-to-point connection system model by performing simulation
and comparing their performance based on resource parameters, power
consumption of each system. Specifically, the Point-to-Point connection
model of both buses will use a MASTER interface which is a DMA (Direct
Memory Access) connected to a SLAVE interface which is a RAM (Random
Access Memory). These interfaces are IP cores that can be used and reused for
different applications and purposes. The results are verified through simulation
with the software Xilinx Vivado 2019.1.
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TOM TAT

Trong xu hudng hién tai cua cuoc Cach mang Cong nghiép 4.0, thiét ké He
thong trén chip (SoC) dong vai trd quan trong trong cac hé thong nhtng va la
mdt linh vyc mii nhon cua nhiéu nudc cong nghiép trén thé gidi. Su phat
trién nhanh chong cua linh vyc cong ngh¢ ban dan gitip chung ta co thé tich
hop ngay cang nhiéu cac thanh phan trén mot con chip. Céc giao thirc bus
dugc phat trién va sir dung nhu mot giao dién chung cho viéc két ndi hidu qua
giita cac thanh phan trén chip, gitp giam muc d6 phirc tap, ning luong tiéu
thu va chi phi san xuit. Trong bai bao niy, nhom tac gia so sanh hai loai
kién trac bus phd bién 1a bus WISHBONE va AMBA AXI (Advanced
Microcontroller Bus Architecture Advanced eXtensible Interface) dua
trén mo hinh hé thong két ndi diém - diém béng cach thyc hién mé phong va
so sanh hiu nang cua ching dya trén thong so tai nguyén, cong suét tiéu thy
ctia mdi hé théng. Cu thé, mé hinh két ndi diém — diém cua ca hai bus s& su
dung mot giao dién MASTER la mot DMA (Direct Memory Access) két ndi
véi mot giao dién SLAVE la mot bo nhd RAM (Random Access Memory).
Céc giao dién nay 1a cac 151 IP ¢ thé duge sir dung va tai sit dung cho céc
ung dung va muc dich khac nhau. Két qua duoc thuc nghi¢m thong qua moé
phong véi phin mém Xilinx Vivado 2019.1.
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1. Gii thiéu

Thiét ké Hé thong trén chip 1a mot trong nhitng xu hudng phat trién rat manh mé trong cudc cach
mang cong nghiép 4.0 trén toan thé giGi, khi ma cac nha san xuat c6 thé tich hop ngay cang nhiéu thanh
phan ctia mot hé thong dién tir nhu bo vi xir Iy (CPU), bd nhé (ROM, RAM), céac hé thdng xir 1y tin hiéu
s6 (DSP) trén mot con chip duy nhit. Nhd d6, SoC c6 thé tré thanh mot vi mach tich hop (IC) ¢6 thé
thuc hién hau hét cac chirc nang cuia mot hé thdng dién tir hoan chinh trong mdt kich thuéc nhé gon
hon, hiéu suat va tinh 6n dinh ciing cao hon [1, 2].

Bus 1a h¢ thong c6 vai tro chinh trong viéc giao tiép, trung chuyen dit li¢u gitra cic thanh phan trong
mot SoC va anh hudng tryc tiép dén hidu suat cta hé thong. Mot sb cac kién triic bus hé thong pho bién
hién nay nhu: AMBA (Advanced Microcontroller Bus Architecture) AHB (Advanced High-
Performance Bus) APB (Advanced Peripheral Bus) hay AXI (Advanced Extensible Interface) bus phat
trién bai ARM, CoreConnect ctia IBM, Open Core Protocol (OCP) ciia OCP International Partnership,
WISHBONE cua OpenCores [3].

Trong s6 céc kién tric bus hé thong ké trén, bus WISHBONE va AMBA AXI dugc sir dung rat pho
bién va rong rai trong thiét ké SoC. Bus WISHBONE duoc st dung rat phd bién trong SoC vi n6 1a mot
giai phap thiét ké don gian, linh hoat, ho tro nguoi dung bang cach chuén hoa cac giao dién IGi IP
(Intellectual Property) bang so do két ndi tidu chuan voi két ndi c6 thé thay do6i cau tric lién két nhu
diém - diém (Point-to-Point), ludng dir licu (Data Flow), bus chia s¢ (Shared Bus) hodc chuyén mach
chéo (Crossbar Switch), tily vao nhu cau va loai SoC thich hop, gitip ngudi dung tiét kiém dang ké chi
phi va thoi gian san xuat [4]. AMBA AXI duoc st dung pho bién trong cac vi diéu khién ARM, hd tro
cac h¢ thong hié¢u nang cao, tan so cao, phu hop voéi céc thiét ké c6 do tré thap va bang thong cao ma
khong yéu cau su dung cac cau ndi phirc tap, dong thoi dap ing cac yéu cau giao tiép cua nhiéu thanh
phan trén chip va ciing rat twong thich vdi cac giao thic AHB va APB ctia ho AMBA.

Trong cac bai viét [5, 6], tac gia da gidi thiéu tong quan vé cac giao thirc bus phd bién sir dung trong
SoC hién nay nhu AMBA (AXI, AHB, APB) cia ARM, WISHBONE ctia OpenCores, CoreConnect
ctia IBM, mé ta tom tit cac dic diém va dua ra nhitng so sanh vé wu nhuoc diém cua tung loai dé lya
chon phu hgp cho cac ing dung khac nhau. Bén canh do6, tac gia da thuc hién viéc mdé phong va xac
minh giao dién két ndi diém — diém cua bus WISHBONE. Trong bai viét [7], tac gia da thuc hién thém
mo phong va danh gia hai hé thong két ndi theo kiéu diém — diém va bus chia s¢, thong ké cac thong sb
tai nguyén sur dung trén FPGA (Field Programmable Gate Array) Virtex-11 Pro va Spartan3e.

Trong bai viét [8], tac gia da gioi thiéu téng quan vé cac dac diém, kién triic va hoat dong cua bus
AMBA AXI, mé ta thiét ké va trién khai mé hinh két ndi AXI st dung ngdn ngit mo ta phan cimg
Verilog trén phan ctng Xilinx Spartan 3E FPGA va md phong thuc hién v6i phan mém Modelsim RTL
Simulation. Trong bai [9], tac gia mo ta cac ddc diém quan trong va cac két ndi trong giao dién AXI. O
bai viét [10] tac gia da tinh toan do tré trong cac hoat dong doc va ghi bang cach phat trién ma hoa RTL
(Register Transfer Level) Verilog va tong hop né vé&i cong cu ciia Synopsys & tién trinh 90nm.

Mic di ¢6 nhidu nghién ctru va danh gia vé bus WISHBONE va AMBA AXI, tuy nhién chwa c6 bai
viét so sanh vé kién truc, két ndi hay hiéu ning cua ching. Do d6, trong bai bao nay ching toi dé xuét
sir dung mo hinh két ndi diém - diém cia hai loai kién tric bus WISHBONE va AMBA AXI dé thyc
hién so sanh va danh gi4 hiéu ning cua hé thdng dwa trén cac thong sb tai nguyén, cong suét tiéu thu.
Qua trinh mo phong va danh gia thong qua st dung mé phong trén phian mém Xilinx Vivado 2019.1.
Két qua sau khi thyc nghiém cho thdy hé thong sir dung bus WISHBONE sir dung tai nguyén va cong
sut tiéu thu it hon so v&i bus AMBA AXI. Bén canh d6, hé théng str dung bus AMBA AXI khi thuc
hién qua trinh xac nhan thong tin truyén nhan dir liéu yéu cau nhiéu tin hiéu dé xac nhan hon. AMBA
AXI cho thoi gian va hi¢u suat truyén nhan dir liéu tt hon do qua trinh doc/ ghi dién ra trén cac kénh
doc 1ap nhau, mot dir liéu méi co thé duoc ghi trong khi dang thyc hién qua trinh doc mién 1a khong
dién ra trén cing mot dia chi.

Phén con lai cua bai bao duoc to chirc nhu sau. Phin 2 gidi thidu vé hai loai bus WISHBONE va
AMBA AXI, trinh bay vé cac ddc diém, md hinh két ndi cia hai kién trac bus. Phan 3 trinh bay cac két
qué thu dugc tir nghién ciru, giai thich hoat dong ctia hai mé hinh két ndi, so s4nh va nhan xét théng qua
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két qua mo phong va cac thong sb tai nguyén st dung cta ca hai hé thong. Cudi cing, phan 4 13 phan
ket luan rut ra tir nhitng két qua thu dugc trong qua trinh thyc hién de tai va d¢ xuat nhitng hudng nghién
ctru, phat trién va trng dung tir ket qua nghién ctru.

2. Bus WISHBONE

WISHBONE 1a mt kién trac bus hé thong thuong dugc sir dung trong thiét ké SoC. Pay la mot
phuong phap thiét ké don gian, linh hoat gilp cho viéc két ndi cac 18i IP trong mot SoC tré nén hidu qua
va d& dang hon. Cac 15i IP ¢6 thé dugc phat trién boi cac nha san xuat khac nhau véi cac chirc ning va
cach két ndi khac nhau tiy vao nhu cau cia ngudi ding. Muc dich chinh cia bus WISHBONE 14 hd tro
ngudi ding chuan hoa cac giao dién 15i IP dudi mot giao dién chung, gitip cho viée két ndi cac 161 IP
tro nén dé dang va co thé tai str dung thiét ké nay trén cac hé thong khac [11, 12].

2.1. Kién truc va hoat dgng ciia bus WISHBONE

WISHBONE sir dung kién trac MASTER/SLAVE. Két ndi WISHBONE cho phép ngudi ding thay
d6i cach ma cac 161 IP két ndi v6i nhau gitip cho viéc trién khai phan cting c¢6 kha ning tuong thich véi
nhiéu loai cau trac lién két [12]. Didu nay rat quan trong vi khong c6 mot cach duy nhat nao ding dé
thuc hién cho moi SoC. C6 bén loai két ndi WISHBONE duge md ta nhu trong Hinh 2.1 bén dudi, bao
gdm: diém - diém (Point-to-Point), ludng di liéu (Data Flow), bus chia s¢ (Shared Bus) va chuyén mach
chéo (Crossbar Switch).

WISHBONE WISHBONE : X X
MASTER SLAVE

Piém - diém

MASTER
SLAVE

MASTER
SLAVE

MASTER

SLAVE

(a) (b)
WISHBONE WISHBONE WISHBONE WISHBONE
MASTER 1 MASTER 2 MASTER 1 MASTER 2
T Bus chia sé T - i
Chuyén mach chéo

A A

WISHBONE WISHBONE WISHBONE WISHBONE WISHBONE WISHBONE
SLAVE 1 SLAVE 2 SLAVE 3 SLAVE1 SLAVE 2 SLAVE 3
(c) (d)

Hinh 2.1. Két néi (a): Piém — diém; (b): Luong dit liéu; (C): Bus chia sé; (d): Chuyén mach chéo

Hinh 2.1a md ta cho kiéu két ndi diém - diém. Két nbi diém - diém hd tro két ndi truc tiép hai bén
tham gia truyén dit li€u, cho phép két noi tryc ti€p tir mot giao dién MASTER dén mét giao dién SLAVE.

Hinh 2.1b mo ta cho kiéu két ndi ludng di ligu. Két ndi luong dit ligu dugc sir dung khi dit ligu dugc
xu ly theo céch tuan tu tir 161 nay dén 16i tiép theo. Moi 181 IP trong kién trac ludong dir li¢u co6 ca giao
di¢n MASTER va SLAVE.

Hinh 2.1¢c mé ta cho kiéu lfét ndi bus chia sé. Két ndi bus chia sé rat hitu ich dé két ndi hai hodc nhiéu
MASTER véi mdt hodc nhieu SLAVE. Mot bd phan xtt xac dinh thoi diém va cach thirc cho moi
MASTER truy cap vao tai nguyén duoc chia sé.

Hinh 2.1d md ta cho kiéu két ndi chuyén mach chéo. Két ndi chuyén mach chéo dugc st dung dé két
ndi hai hodc nhiéu MASTER vé6i mot hodc nhidu SLAVE. Khac véi két ndi bus chia sé, két ndi chuyén
mach cho phép c¢6 nhiéu hon mot MASTER dé sir dung két n6i mién 1a hai MASTER khong truy cap
cung mdt SLAVE cung mét lac.
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2.2. M6 hinh h¢ théng két néi diém — diém ciia bus WISHBONE

SYSCON

RST I i RST I
CLK I CIK I
ADR O() =M AR I{)

DAT I() DAT I()
=
; :
DAT O() DAT O{) &
g WE_Q WE I %
& SEL O() |—— M SEL I{)
= — - =
STB O STB I
ACK T ACK O
CYC O Cye 1

Hinh 2.2. Giao dién két néi diém — diém WISHBONE INTERCON

Hinh 2.2 & trén mo ta mo hinh két ndi diém - diém WISHBONE (ICN0001a). N6 bao gdm mdt giao
dién MASTER (DMA0001a), mot giao dién SLAVE (MEMO0002a) va mot khéi SYSCON (SYCOOOla)
Khéi SYSCON cung cip xung nhip Clock va tin hi€u Reset cho hoat dong cuia h¢ thong Khéi MASTER
khoi tao chu ky va gui cac yéu cau truyén nhan dir liéu vo1 SLAVE. Khéi SLAVE tiép nhan céac thong
tin, yéu cau tir MASTER va thuc hién cac yéu cau do.

WISHBONE thyc hién thay d6i dir liéu tai canh 1én ciia xung Clock va tit ca tin hiéu cua
WISHBONE déu tac dong tich cuc mirc cao. Pidu nay nham don gian hoa viéc tich hop cac ngoai vi
WISHBONE vio bat ky thiét ké nao [4, 7]. M6 ta ctia cac chan tin hiéu sir dung trong giao dién két ndi
ctia bus WISHBONE duoc thé hién trong Bang 1 duéi day.

Bang 1. M6 tad cdc tin hiéu trong mé hinh sir dung bus WISHBONE [12]

A (e RO Do ron P
Tén tin hi¢u D rong Mo ta chirc nang

(bit)
CLK 1 Xung CLK dong bo cho hoat dong ctia hai giao dién.
RST 1 Khoi dong lai hé thdng.
CcYC 1 Yéu cau chu ky bus.
STB 1 Cho biét mot chu ky doc/ghi hop 1¢.
WE 1 Cho phép ché d6 doc (WE = 0) hodc ghi (WE = 1).
ADR 32 Puong dia chi truy xuat.
DAT_I/O 32 Puong dir liéu vao/ra.
Tin hi¢u bét tay ciia SLAVE phén hoi lai v6i tin hi¢u STB va CYC
ACK 1 tr MASTER, cho biét dir li¢u s€ duoc doc/ghi tai canh lén xung
CLK ke tiép.

3. Bus AMBA AXI

AXI la mot trong céac giao thirc bus trong bo giao tié'p‘AMBA do hang ARM phat triéq va dugc sur
dung pho bicn trong cac vi dieu khién ARM. Phién ban dau tién cua AXI duge xuat hién lan dau trong
AMBA 3.0 ra mat vao nam 2003. Pén 2010, AMBA 4.0 ra mat, trong d6 ¢6 phién ban tht 2 cia AXI 1a
AXI4 [13].
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Giao thire AXT phu hop vai cac thiét ké bang thong cao va do tré thap, cung cip hoat dong tan sd cao
ma khong can sir dung céc cau ndi phuc tap, bén canh d6 con cung cp tinh linh hoat trong viéc trién
khai cac kién triic két ndi va c6 kha ning tuong thich nguoc véi cac giao dién AHB va APB [13, 14].

3.1. Kién trac va hoat dgng ciia bus AMBA AXI

~AM BA AXI hoat dong dua trén nam loai kénh doc 1ap dugc mo ta cu thé~nhu Hinh 3.1 bén dudi.
MOoi kénh c6 vai tro, nhiém vu khac nhau va viéc hoan thanh nhiém vu cua moi kénh khong phu thudc

vao cac kénh khac, nhung chiing van lién quan dén nhau [13]. Nam kénh nay gom:

e Kénh dia chi doc (Read Address): truyén thong tin dia chi va thong tin diéu khién cua mot qué
trinh doc tr MASTER dén SLAVE.
e Kénh dit liéu doc (Read Data): truyén dir liéu doc va thdng tin phan hdi ciia mot qué trinh doc tir

SLAVE dén MASTER.

e Kénh dia chi ghi (Write Address): truyén thong tin dia chi va thong tin diéu khién ciia mot quéa
trinh ghi tr MASTER dén SLAVE.

e Kénh dit liéu ghi (Write Data): truyén dit liéu ghi tir MASTER dén SLAVE.

e Kénh dap mg ghi (Write Response): truyén thdng tin phan hoi ciia mot giao dich ghi tir SLAVE

dén MASTER.

Write Address

Write Data

Master

Write Response

Interface

Read Address

Read Data

Slave
Interface

Hinh 3.1. Cdc kénh giao tiép giita AXI MASTER va SLAVE

AXI hoat dong dua theo co ché truyén lién tuc (burst). Pac kiém cuia co ché truyén trong AXI 1 phia
MASTER khong phat cac dja chi trung gian cta ting doan trong mot qua trinh truyén ma chi phat dia
chi byte du tién trong mot giao dich, ddy chinh 1a dja chi cua 1an truyén dit liéu dau tién. Phia SLAVE
dua trén thong tin diéu khién dé xac dinh dia chi ciia cac doan tir dia chi dau tién nay. Didu nay giap
tang hiéu sudt cta hé thong bus nhung 1am mach logic xir 1y giao tiép AXI tai phia SLAVE phirc tap
hon vi phai tu tinh toan cac doan dia chi [13, 14].

3.2. M6 hinh hé théng két néi diém — diém cia bus AMBA AXI

SYSTEM aresetn ———
SIGNAL aclk [—

aresetn
aclk
s_axi_awadd

s_axi_awvalid

aclk

s_axi_ y
s_axi_wvalid
s_axi_wdata
s_axi_wilast
s_axi_wready
s_axi_bvalid
s_axi_bready

JAVIS

s_axi_araddr
s_axi_arvalid
s_axi_arready
s_axi_rvalid
s_axi_rdata
s_axi_rlast
s_axi_rready

32

m_axi,
m_axi
m_axi
m_axi_wdata
m_axi_wlast
m_axi_wready
m_axi

aresetn

m_axi_awaddr

i_awvalid
i_awready

wvalid

32

i_bvalid
m_axi_bready
m_axi_araddr
m_axi_arvalid

MASTER

m_axi_arready
m_axi_rvalid
m_axi_rdata

m_axi_rlast

m_axi_rready

Hinh 3.2. M6 hinh két néi diém — diém ciia bus AMBA AXI
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Hinh 3.2 trén mé ta hé thong két ndi diém — diém sir dung kién tric bus AMBA AXI, bao gom mot
giao dién AXI MASTER, mot giao dién AXI SLAVE va SYSTEM SIGNAL. Giao dién AXI MASTER
mo phong lai cac hanh vi chinh cia mot MASTER thuc hién nhu khoi tao céc tin higu dé két ndi, yéu
clu cac chu ky truyén nhan dir liéu véi SLAVE, thuc hién doc/ghi dit li¢u. Giao dién AXI SLAVE la
moét khdéi AXI RAM, cé chirc nang luu dir li€u ghi dugc gui tt MASTER, tiép nhén va phan hdi lai cac
tin hiéu trong qua trinh két néi truyén nhan dit liéu véi MASTER. SYSTEM SIGNAL 1a khdi cap xung
Clock tir hé théng va tao tin hiéu Reset cho hoat dong ctia cac giao dién AXI. M6 td cua cac chan tin
hiéu st dung trong giao dién két ndi ctia bus AMBA AXI dugc thé hién trong Bang 2 dudi day.

Bang 2. M6 ta cdc tin hiéu co ban cua bus AMBA AXI [14 ,15]

Do rong

Tén tin hi¢u (bit) M0 ta chirc ning
aclk 1 Xung CLK ddng bd cho hoat déng ciia toan hé thong.
aresetn 1 Tin hiéu RESET tich cuc mitc THAP khéi tao lai cho toan hé théng.
axi_awaddr 16 Cho biét dia chi cua transfer du tién cua burst.
axi_awvalid 1 Ch_iqra rang kénh dang bao hiéu dia chi ghi hop 18 hodc thong tin diéu
khién.
axi_awready 1 Ch1 ra r_zing §LAVE san sang dé chap nhan dia chi va cac tin hiéu
diéu khién lién quan.
axi_wvalid 1 Cho biét dir liéu ghi hop 1€ va strobes c6 sén.
axi_wdata 32 Dir liéu ghi.
axi_wlast 1 Cho biét transfer cudi cua cta burst ghi.
axi_wready 1 Cho biét SLAVE sin sang nhan dir liéu ghi.
axi_bvalid 1 Cho biét kénh dang thong bao mot phan hdi ghi hop 1.
axi_bready 1 Cho biét MASTER sén sang nhan mot phan hdi ghi.
axi_araddr 16 Kénh dia chi doc dua dia chi cua transfer dau tién.
axi_arvalid L Cho biét kénh dang thong bao dia chi doc hop 1é va thong tin diéu
khién.
axi_arready 1 Ch_Q bijé’:c SLAVE san sang nhan mot dia chi va cac tin hiéu diéu
khién lién quan.
axi_rvalid 1 Cho biét kénh dang thong bao dit liéu doc hop 1&.
axi_rdata 32 Dir liéu doc.
axi_rlast 1 Cho biét transfer cudi cling trong burst doc.
axi_rready 1 Cho biét MASTER san sang nhan dit liéu doc va phan hi thong tin.

4. Két qua mo phéng va danh gia
4.1. Két qua md phéng
CAu hinh md phong cho hé théng st dung bus WISHBONE va AMBA AXI:
e Gia tri dit liéu duoc truyén: 32°h01234567
e Do dai dix liéu: 32-bit
e Tén sb hoat dong: 100MHz
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M6 phong duoc thyuc hién trén phin mém Xilinx Vivado 2019.1 véi may tinh sir dung hé diéu hanh
Windows 11, CPU AMD Ryzen 5 3500U va RAM 8GB. Thoi gian dé phan mém thyc hién qua trinh
tong hop thiét ké ddi voi hé thong bus WISHBONE 1a 22 gidy, voi hé thong bus AMBA AXI 1a 65 gidy.
Bo6 nhé RAM str dung trong qué trinh téng hop ciia hé thong bus WISHBONE 1a 1371 MB va d6i véi
hé thong bus AMBA AXI 14 1037 MB [15, 19].

Thiét ké duoc xay dung dé mé phong hoat dong doc/ghi ctia hai mé hinh két ndi diém — diém sir
dung bus WISHBONE va AMBA AXI. Két qua dang séng m6 phong hoat dong cua hé thong bus
WISHBONE va hé thong bus AMBA AXI dugc lan luot thé hién trong Hinh 3.1 va 3.2 dudi day.

| TRANG THAI CHO
« 1chu ky CLK

¥ EADRI20]

> MEDRD[31:0] uuuuuuug
W EDWR[31:0)] uuuuuuugY
4 ESTB
a[EWE

D LIEU POC

Hinh 3.1. Hoat dong doc/ghi ciia bus WISHBONE

Bus WISHBONE thyc hién mot qua trinh truyén dir liéu khi c6 tin hidu cho biét mot chu ky hop 1é
[ESTB] =1 va tin hiéu phan hoi tir SLAVE xac nhan yéu ciu tir MASTER [EACK] = 1. Tin hiéu [EWE]
=1 cho phép qua trinh ghi, [EWE] = 0 cho phép qua trinh doc.

Thoi gian thuc hién qua trinh doc/ghi dit liéu 32°h01234567 cua bus WISHBONE 1a 8 chu ky xung
Clock cho mdi qua trinh. Thoi gian dé dir liéu 32°h01234567 sau khi dugc ghi xong va bat dau dugc
doc 1 1 chu ky xung Clock. Bus WISHBONE sir dung chung kénh truyén cho ca hoat dong doc va ghi
nén sau khi hoan tit qua trinh doc thi méi c6 thé tiép nhan mot qua trinh ghi dir liéu méi. Do do, thoi
gian sau khi dir liéu 32°h01234567 dugc ghi xong cho dén ltc mot dir liéu méi bat dau duoc ghi can
thoi gian 1a 10 chu ky xung Clock (1 chu ky cho sau khi ghi xong, 8 chu ky qua trinh doc va 1 chu ky
cho sau khi doc xong).

4 Chu ky CLK 3 chu ky CLK

4 aclk |

4 aresetn

W s_axi_awaddr([15:0]

4 s_axi_awvalid | . [ | I \
@ s_axi_awready - ‘
¥ s_axi_wdata[31:0] 3456 ] 01234567 ' 01232567
@ s_axi_wlast [ -| | . ‘ | ‘

8 s_axi_wvalid ‘ = ! [ l \

8 s_axi_wready

8 s_axi_bvalid QUA TR\II\!'IH GHI
8 s_axi_bready (8 chu k% CLK) ==
0000

W s_axi_araddr([15:0]

& s_axi_arvalid \ CcHiPOC ——F

W s_axi_rdata[31:0] 3 00000000
® s_axi_rlast

@ s_axi_rvalid

|
§
|
I
[
!
@ s_axi_arready ‘
\
\

@ s_axi_rready

DU LIEU POC

Hinh 3.2. Hoat dong doc/ghi ciia bus AMBA AXT
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Giao thirc AXI quy dinh qua trinh ghi phai trai qua 3 giai doan gém dua dia chi, ghi dit liéu va phan
hoi ghi. Cap tin hiéu awvalid-awready thong bao dia chi ghi hop 1&. Cap tin hiéu wvalid-wready cho
biét co dir liéu hop 1& dugc truyén va tich cuc cho dén khi két thuc qué trinh ghi. Tin hiéu wlast tich cuc
cho biét transfer cudi ciing cuia qua trinh ghi. Tin hiéu bvalid duoc phia SLAVE bat dé béo hiéu dir liéu
duogc ghi thanh cong.

Thoi gian thuc hién qué trinh doc/ghi dir liéu 32°h01234567 cua bus AMBA AXI 1a 8 chu ky xung
Clock cho mdi qua trinh. Thoi gian dé dir liéu 32°h01234567 sau khi dugc ghi xong va bat dau duoc
doc 1a 4 chu ky xung Clock. Bus AMBA AXI str dung cac kénh truyén ddc 1ap nhau cho hoat ddng doc
va ghi nén qua trinh ghi dit liéu mai c6 thé duoc tiép nhan trong lic qua trinh doc dang dién ra mién 1a
khong ciing trén mot dia chi. Do d6, thoi gian sau khi dit liéu 32°h01234567 dugc ghi xong cho dén luc
mot dir liéu mai bit dau dugc ghi can thoi gian 13 6 chu ky xung Clock.

4.2. Tai nguyén si dung cia hé thang

Thong §6 tai nguyén va céng sudt tiéu thy trong hé théng bus WISHBONE va AMBA AXI sir dung
cho viéc tong hop trén phén ciing Zybo Zyng-7000 [20], md phong sir dung phan mém Xilinx Vivado
2019.1, véi tan so hoat dong 1a 100MHz va dién ap 1a 3.3V, dugc mo ta lan lugt trong Bang 3, Bang 4
va Bang 5 dudi day.

Bang 3. Théng s6 tai nguyén hé thong sir dung bus WISHBONE va AMBA AXI

UL LUT FF BRAM 10
Sir dung (17600) (35200) (60) (100)
39 71 69
WISHBONE (0.22%) (0.20%) X (69.0%)
85 131 16 98
AMBA AXI (0.48%) (0.37%) (26.7%) (98.0%)
Bang 4. Cong sudt tiéu thu véi hé thong sir dung bus WISHBONE
Thanh phan Cong suit (W) Ty 1€
Signals 0.001 4%
Clock 0.001 2%
Dynamic Logic <0.001 1%
10 0.035 93%
Tong 0.037 29%
Static 0.092 71%
Téng 0.129 100%
Bang 5. Cong sudt tiéu thu véi hé thong sir dung bus AMBA AXT
Thanh phin Cong suit (W) Ty 1€

Signals 0.001 2%
Clock 0.002 3%
Dvnamic Logic <0.001 1%
ynami 10 0.026 39%
BRAM 0.038 55%
Tong 0.068 42%
Static 0.093 58%
Tong 0.161 100%

Qua cic bang thong ké tai nguyén va cong sudt ti€u thu trén, co thé thiy vé wu diém cua bus
WISHBONE la giao dién két ndi yéu cau it tin hiéu két ndi nén sir dung it tai nguyén hon va cong suat
tiéu thu ciing it hon so voi bus AMBA AXI.
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4.3. Tong két

Duya trén két qua mo phong hoat dong truyén nhan dit liéu trong mé hinh két néi diém — diém sir
dung hai loai bus WISHBONE va AMBA AXI, c6 thé thdy vu diém cia giao dién két nbi cia bus
WISHBONE 1a giao dién don gian, yéu cau it tin hiéu dé két nbi. Do dé, tai nguyén sir dung va cong
sudt tiéu thu ctia hé théng bus WISHBONE it hon so véi cia AMBA AXI. Bus AMBA AXI yéu cau
nhiéu tin hiéu dé két ndi hon va qué trinh x4c nhén thong tin gdm nhiéu tin hiéu x4c nhan gitp dam bao
cho dir liéu truyén hop 18. Thoi gian dé mot dir liéu duoc truyén nhan cua bus WISHBONE nhanh hon
so véi AMBA AXI. Tuy nhién, do wu diém vé cac kénh truyén doc 14p ctia bus AMBA AXI nén khi co
nhiéu hon mét dit lidu duge tmyén nhén thi AMBA AXI s€ cho thoi gian va hi€u sudt truyén tdt hon
bus WISHBONE.

Nhirng diém chung trong kién trac bus WISHBONE va AMBA AXI:

e Déu la cac chuin bus md (Open standard buses), mién phi, khéng yéu cau ban quyén.

e B0 phan xir do nguoi dung cudi quyét dinh loai phan xir (Static Priority, TDMA, Lottery,
Round-Robin, Token-passing va CDMA).
HJ tro truyén theo co ché bit tay (Handshaking) va Burst.

e Tdc do hé thong do ngudi ding cudi xac dinh, khong gisi han, chi phu thudc vao thanh phan
két ndi hodc phan cing.

Nhiing dic diém khac nhau giita hai loai kién tric bus WISHBONE va AMBA AXI:

Bus WISHBONE AMBA AXI
Quyén sé hiru OpenCores ARM
P§ rong duong di lidu 8, 16, 32, 64 bit 8, 16, 32, 64, 128, 256, 512,
1024 bit
Do rong dwong dia chi 1-64 bit 32 bit

Két ndi dua trén 5 kénh doc lap
Két ndi da MASTER da SLAVE
thdng qua AXI Interconnect

Diém — diém (Point-to-Point)
Ludng dit liéu (Data Flow)
Bus chia sé (Shared Bus)
Chuyén mach chéo (Crossbar Switch)

Kiéu két noi

Co ché bt tay (Handshaking)
Co ché Burst

Co ché bit tay (Handshaking)
Co ché Burst
Co ché Ong dén (Pipelined)

Truyén dir liéu

Giao dién két no6i yéu cau nhiéu
tin hiéu dé két noi.

Giao dién két ndi yéu cau it tin hiéu dé
két noi, don gian.

Hoat dong két ndi

5. Két luan

Nhimg so sanh vé dic diém cua hai kién trac bus WISHBONE va AMBA AXI da dugc thuc hi¢n
trong bai viét nay. Qua trinh mé phong va thyc nghiém hoat dong truyén nhan di liu trong m6 hinh két
nbi diém — diém st dung hai loai kién trac bus trén da dugc thyc hién trén phan mém Xilinx Vivado
2019.1. Cac két qua md phéng hoat dong truyen nhén dit liéu cta hai kién tric bus da cho thay uu va
nhugc diém cta mdi loai. M6 hinh két ndi sir dung bus WISHBONE str dung it tin hiéu két ndi hon, don
gian, str dung it tai nguyén va cho thoi gian truyén nhan dir liéu t6t hon ddi voi truong hop chi c6 mot
dir liéu duogc truyén nhan. Mo hinh két ndi sir dung bus AMBA AXI cho thoi gian va hiéu suit truyén
nhén dir liéu tot hon trong trudng hop cod nhiéu hon mét dit liéu dugc truyén nhén do dic diém co cac
kénh truyén doc 1ap. Bén canh do, tinh bao mat cia AMBA AXI ciing cao hon do c6 nhiéu tin hiéu kiém
tra xac nhan thong tin dit liéu hop. Bai viét ciing da tong két va so sanh, chi ra nhitng diém giéng va
khéc nhau cta hai loai bus, vu nhugc diém va tng dung cua mdi loai.
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