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TOm tat

Trong hé théng trén chip (System on chip - SoC), viéc c6 si truy cdp dong thoi tir
nhiéu nguon (Source) hodc nhiéu Master dén cing mét Slave 1a viéc thuwong xuyén xdy
ra. Tuy nhién, mét Slave khdng thé ddap irng dong thoi tat ca cac truy cap ciing luc ma chi
c6 thé ddp 1ng mét cach tuan tw tirng truy cdp theo mét ther ty nhdr dinh. Viéc xdc dinh
truy cdp nao thuc hién truoc, truy cdp nao thuc hién sau chinh la “phdn xir truy cdp”.
Thanh phan thuc hién chize ndang “phdn xir truy cdp” thuwong dwoc goi 1a bé phan xi
(arbiter). Trong dé tai nay, nhom tac gia tién hanh thiét ké bé phan xir mirc wu tién cé
dinh va bg phan xir Round Robin thyc hién hoar déng phan xi cho bén Master va mét
Slave. Hai b phan xi sé duroc tong hop thiét ké bang ngdn ngir mé ta phan ciing Verilog
trén phan mém Xilinx ISE Design Suite 14.7. Thiét ké cua hai bg phan xi sau khi tong
hop sé dwoc kiém tra va danh gid bang cdc testcase dé so sanh vé thugt toan va téc do
phan xiz. Sau cting, nhom tac gia tien hanh thyc hién hai bg phan xi 18n phan cieng Xilinx
Spartan 3E dé kiém tra két qua mo phong.

Tir khba: bé phan xi, round Robin, spartan 3E

Abstract

EVALUATION OF FIXED PRIORITY ARBITER AND ROUND ROBIN ON
FPGA SPARTAN 3E

In System on chip (SoC), having simultaneous access from multiple Sources or
Masters to the same Slave is common. However, one Slave cannot respond to all accesses
at the same time but can only respond sequentially to each access in a certain order.
Determining which access to execute first, which access to execute after is called "access
arbitration”. The component that performs the "access arbitration” function is often
called an Arbiter. In this paper, the authors design a fixed-priority arbiter and a Round
Robin arbiter that performs arbitration for four Masters and one Slave. These two
arbiters will be combined and designed using Verilog on Xilinx ISE Design Suite 14.7
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software. The design of the two arbiters after synthesis will be checked and evaluated by
testcases to compare the algorithm and arbitration speed. Finally, the authors will
implement two arbiters on FPGA Xilinx Spartan 3E to check the simulation results.

1. Téng quan

1.1. Gigi thigu

SoC 13 mét budc tién 16n ddi véi nganh vi mach va dién tir. Tuy nhién, viéc thiét
ké gap rat nhiéu van dé can phai duoc quan tam dic biét 1a do phic tap cua hé théng ngay
cang ting dan dén s6 luong két ndi tir nhiéu ngudn hoic Master dén Slave tai cing mot
thoi diém tiang khién cho viéc truyén nhan dit liéu c6 thé bi gian doan. Trong trudng hop
nay, mot Slave khdng thé dap tng tt ca cac yéu cau truy cap cing mot ldc ma chi ¢ thé
dap wng cac yéu cau truy cap mot cach tuan tu theo mot thir tu trude sau nhat dinh. Dé
giai quyét van dé trén can st dung mot khéi xir Iy gitp phan phéi thi tu két ndi cua nhiéu
ngudn hoic Master va bo phan xir (Arbiter) 1a mot giai phap hiéu qua gitp phan ludng
truy cap mot cach hop ly.

C6 nhiéu bo phan xir vai cac thuat toan phuc vu nhitng muc dich khac nhau tiy vao
hé thong nhu: B phan xt theo mire wu tién ¢ dinh (Fixed Priority Arbiter), Bo phan xu
theo hinh thuc x6 sé (Lottery Arbiter), Bo phan xir str dung thuat toan Round Robin,...
Bo phan xir theo mic uu tién ¢6 dinh 1a vi du dién hinh cho dang phan xir theo mac do
wu tién. Vi viéc phan xir theo mire wu tién nhu vay, ngudn yéu cau truy cap (request) cd
mtc vu tién cao ludn chiém uu thé va dé dang dugc cip quyén (grant) hon cic ngudn
request c6 murc wu tién thap. Ngudn request ¢ mirc wu tién thap nhat co thé bi “treo”
(khong duoc grant) néu cac ngudn request uu tién cao hon lién tyc tich cuc. Trong bo
phéan xu Round Robin thi cac thir tu cAc mirc vu tién cua cac request dugc xoay vong lién
tuc. P4i véi cac hé théng can su can bang quyén truy cap gitra cac nguon request thi bo
phan xt Round Robin la mét lwa chon hiéu qua.

1.2. Tinh hinh nghién cizu

Trong bai b4o (Gupta & Goel, 2015), nhém tac gia da dé xuét va thiét ké mot bo
phan xu c6 thé duogc cu hinh cho n nguoi dung. Thiét ké duoc thuc hién béng thuéat toan
Round Robin, thong qua két qua mo phong gitp so sanh va danh gia dé dua ra dugc mot
thiét ké bo phan xur phu hop nhit cho bat ky thiét bi, 16i so hitu tri tué (IP), bd nhé trén
chip (On chip memory) va cac ngudn tai nguyén. Di v6i bai bao (Deb & Rajrajan, 2013),
tac gia da gidi thiéu mot sb giai phap chia sé tai nguyén gitra cac ngudn yéu ciu truy cip
bén trong mot by phan xt. Trong bai bao (Shin, 11l, & Riley, 2002) va (Weber, 2001),
nhom tac gia da 1iét ké vé nhitng diéu can luu ¥ trong viée thiét ké mot bo phan xtir Round
Robin va dé xuat mot vai y tuong thiét ké giao dién gitip giao tiép voi bd phan xir nham
dat dugc hiéu nang cao. Tuy nhién, cac bai bao trén chua trinh bay thiét ké chi tiét hoac
cac thiét ké don gian chua giai quyét duoc van dé wu tién quyén truy cap.
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Bén canh d9, trong nudc ciing c6 mot sb nghién ciru vé linh vuc vi mach va SoC
nhu trong bai viét (Ngoc & Bao, 2020) nhém tac gia tién hanh thiét ké mot bo giao tiép
da kénh UART sir dung FPGA. Ddi véi bai viét (Anh & Tri, 2021), nhom téac gia da dé
xuat mot thiét ké bo truyén nhan theo giao thac 12C va tién hanh thuc hién 18n phan cang
Spartan 6. Tuy nhién, ca hai bai viét chi tap trung vao dic diém va nguyén ly hoat dong
ctia cac chuan truyén thong nhung cac van dé lién quan nhu viéc phan xu truy cap gita
cac két néi lai chua dugc dé cap dén.

2. B¢ phan xi

Trong mot hé thong SoC, viéc ¢6 su truy cap giira nhiéu ngudn hoic nhiéu Master
dén cung mot Slave 1a viéc thudng xuyén xay ra. Tuy nhién, mot Slave khong thé dap
g dong thoi tat ca cac truy cap cing Ic ma chi c6 thé dap tng mot cach tuan tu ting
truy cap theo mot th ty nhat dinh. Viéc xac dinh truy cap ndo thyc hién trudc, truy cap
nao thyc hién sau, chinh 13 “phéan xir truy cap”. Thanh phan thyc hién chirc nang “phéan
Xt truy cap” thuong duoc goi 1a bo phan xir (arbiter). Khi sb lugng truy cap ting 1én thi
lGc nay viéc thém vao mot bd phan xtr 14 rat can thiét. Mot bo phan xir thuong c6 nhiing
chtrc nang chinh nhu:

— Nhan cac y&u cau truy cap tir cac ngudn khac nhau, mdi mot yéu cau goi 1a mot
request.

— Thyc hién thuat toan phan xir néu ¢ nhiéu ngudn truy cap (request) cung lic.

— Cap quyeén (grant) cho ngudn (Source/Master) dugc chon.

—Viéc lya chon bo phan xt s& phu thudc vao yéu cau caa hé thdng va thuat toan phan
xtr ma thiét ké huéng dén. Thong thuong, thiét ké bo phan xir s& duoc chia theo hai huéng:

— Phéan xur theo mirc 36 uu tién.

— Phan xu can bang (Quan, 2019).

Dbi véi mdi hudng s& cd mot bo phan xur tiéu biéu. Mdi hudng thiét ké co thé manh
riéng tly vao muc dich st dung cua hé thong. Di véi hé thong thiét ké theo huéng phan
xtr theo mirc d6 wru tién thi b phan xir theo murc vu tién ¢b dinh thudng duoc sir dung do
cd thiét ké don gian, it ton tai nguyén. Nguoc lai, d6i vai hé thong thiét ké theo hudng phan
Xt can bang thi bo phan xir Round Robin véi wu diém vé su can bang truy cap thuong duoc
wu tién st dung. Qua d6, co mot cai nhin tdng quat vé su khac biét gitra hai hudng thiét ké.

2.1. B§ phén xir mirc wu tién co dinh

Bo phan xtr theo mirc wu tién ¢d dinh 13 bd phan xir don gian va it ton tai nguyén
nhat. Cac yéu cau truy cdp (requesters) s& duoc thiét dat trudc muc wu tién tir cao dén
thip. Cac yéu cau nay s& duoc phan xir theo thir ty trude sau theo mire wu tién duoc thiét
dat. Pbi véi b phan xtr theo mirc uu tién ¢d dinh, cic mirc wu tién cua tung request s¢ 1a
¢d dinh, khac véi su xoay vong muc uu tién ¢ by phan xu Round Robin.
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Mbi ngudn request s& dugc gan mot mirc uu tién khac nhau va cac request s& duoc
kiém tra truéc. Request ¢ mirc wu tién cao nhat s& dugc cip quyén trude va sau dé bd
phan xir s& tiép tuc cip quyén cho request c6 mirc uu tién cao tiép theo. Dbi v6i bd phan
Xt mire uu tién ¢b dinh, mirc wu tién cao nhét 1a c6 dinh va khong ddi. Chinh vi vay, néu
request c6 mirc wu tién cao hon lai tich cuc mot 14n nira thi request d6 s& dugc cip quyén
trudc cac request c6 mirc wu tién thap hon. Qu4 trinh phan xur s& dugc thuc hién cho dén
khi khong con request ndo c¢é yéu cau truy cap.

Uu diém chinh cta bo phan xur mtrc uu tién ¢d dinh 12 ching ta c6 thé thiét dat sin
cac gia tri muc wu tién cho bat ky ngudn request cu thé nao. Tuy nhién, trong trudng hop
cac nguén request voi murc wu tién cao hon lién tuc tich cuc thi cac nguén request con lai
v6i mirc vu tién thap hon sé& khong dugc cap quyén dan dén tinh trang bi treo (Hu, Chen,
Li, & Liu, 2004).

2.2. B phdn xir Round Robin

B6 phan xtt Round Robin 1a mot bd phan xt duoc thiét ké theo huéng can béng
murc uu tién cua cac truy cip. Ban dAu, cac truy cdp nay dugc thiét lap mirc wu tién tur
cao dén thép nhu & bé phan xur mic uu tién ¢ dinh. Nhung su khac biét cua bd phan
xtr Round Robin 14 cac murc uu tién nay s& duge xoay vong lién tuc sau mdi chu ky phan
xtr. V&i cach xoay vong muc wu tién nay thi kha ning dugc cip quyén cua ting truy
cap s& duoc can bang.

Bo phan xtr Round Robin sir dung mot bd dém ting déu hodc giam déu dé quét qua
cac ngudn request, moi request s& Gmg voi gia tri ¢d dinh ctia bo dém. Khi bo dém chira
gia tri trang v&i mot ngudn requewst dang tich cuc murc cao thi ngudn request nay s& duoc
cap quyén va b dém ting/giam dé chon ngudn request tiép theo. Luc nay, ngudn request
dang dugc cip quyén s& c6 mirc wu tién thap nhét trong chu ky phan xir tiép theo. Round
Robin dam bao khong cé tién trinh nao doc quyén, cac tién trinh duoc phuc vu déu dan
ma khong phuy thudc vao thoi gian xir 1y cia tién trinh trudc.

Uu diém cua bd phan xtr Round Robin so véi b phan xtir murc vu tién c¢d dinh 1a
cac request s& duoc phan xir truy cap cong bang, thoi gian mdi request nhan duge mic
wu tién cao nhét 1a nhu nhau. Tuy nhién, viéc phan bd quyén quan trong hodc chi dinh
quyén truy cap cho mot request cu thé néu tin sd yéu cdu truy cap cia request 6 thuong
xuyén 1a khdng thé (Quan, [Arbiter] Bai 3 - Bo phan xir Round Robin don gian, 2019).

3. Phan cieng Xilinx Spartan 3E

Bio céo nay dugc thyc hién trén phan cting Xilinx Spartan 3E. Day 1a phan cung
thi nghiém st dung chip FPGA Spartan 3E XC3S500E cua hang Xilinx. Ngoai ra, phan
ctng nay con hd tro nhidu céng giao tiép ngoai vi, cong két néi ma rong va nhiéu chan
I/0 khéc nhau. Trong bang 1 duéi ddy 13 mot s cac tinh ning dwoc cung cap sin trén
phan ciing Xilinx Spartan 3E:
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Bdng 1. Mét sé tinh nang cuia Xilinx Spartan 3E (Xilinx, 2011)

Chip FPGA chinh

Xilinx XC3S500E Spartan-3E

bién ap hoat dong 5V
bién ap ngd ra 3.3V
Xung nhip chinh cho hé thong 50 MHz
S chan 1/0 232
Kiéu chan FBGA 320 chén
S6 lugng phan tir logic Hon 10000

CAu hinh PROM

Flash Platform Xilinx 4 Mbit

DDR SDRAM 64 Mbyte (512 Mbit), giao dién dit liéu x16
Probe Landing Pads NOR Flash ROM Intel StrataFlash 16 Mbyte (128 Mbit)
Flash 16 Mbit loai ndi tiép SPI

Cdng giao tiép thiét bi ngoai vi

VGA

Cdng két ndi cho ban phim hozc chudt PS/2

Hai céng RS-232 9 chan (kiéu DTE- va DCE)

PAu ndi 100 chan Hirose FX2, 43 két néi 1/0

Cong két ndi mo rong

3 két ni ngoai vi 6 chan

Vi 12 FPGA cua Xilinx nén Spartan 3E duoc hd tro phan mém Iap trinh Xilinx ISE
Design Suite dé thiét ké va cdu hinh cho FPGA. Viéc giao tiép vat 1y dé nap chuong trinh

cho FPGA dua trén chuan JTAG.

4. Thiét ké hé thong

4.1. Thiét ké bé phan xi miec wu tién cé dinh

Bo phan xir muc tién ¢ dinh dugc thiét
ké dé thuc hién hoat dong quét lan lugt qua cac
nguon request vGi mic wu tién phan xa giam
dan tir request 0 dén request 3 dé cap quyén cho
Master twong ung. Qua trinh phan xur s€ dya
vao cac tin hiéu rst, clk va thir tu mirc vu tién
duoc thiét 1ap trude dé phan ludng truy cap. Bo
phan xt mic wu tién cd dinh s& wu tién cap
quyén cho request c6 mirc wu tién cao hon cho
dén khi request d6 khong con c¢6 nhu cau truy
cap nixa thi cac request c6 muc wu tién thap hon
méi duoc tién hanh phan xa. Hoat dong phan
Xt & 13p lai cho dén khi nao khdng con request

nao yéu cau truy cap. Hinh 1 duéi day
md ta so do khdi tong quat va bang 2
mo ta cac chan tin hi¢u ngd vao va ngd
ra ctia bo phan xir muc vu tién ¢ dinh.

req
rst

clk

Hinh 1. So d6 khai téng quét bé phan
Xtr Mike wu tién ¢é dinh

Bdng 2. M6 ta chan tin hiéu bg phan xi mire wu tién ¢é dinh

Tén chan tin hiéu Loai D{ rong (bit) Chire niang
req Input 4 Tin hiéu yéu cau quyén truy cap
clk Input 1 Tin hiéu xung clock
rst Input 1 Tin hiéu reset b phan xu
gnt Output 4 Tin hiéu cap quyén tir by phan xir
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B6 phan xa mirc vu tién ¢ dinh duoc tao thanh tir bn Flip Flop D két hop vai cac
Céng logic nhu AND, NOT, OR dé thiét lap thir tu cdc mirc vu tién cho cac nguén request.
Céc Flip Flop D nay s& sir dung ciing mét ngudn xung clock va két néi cing mot chan tin
hiéu reset tich cuc muc cao. Méi ngd ra Q cua ting Flip Flop D sé& tuong tng véi mot
ngd ra cua bo phan xir. Hinh 2 md ta so d6 kién tric cua bd phan xt wu tién ¢ dinh.

req [0] — T gnt [0]

req 1]

gnt 2]

req [2]

§ Ly a0t 3]
req [3] E

clk
rst

Hinh 2. So d6 kién tric bé phan xi micc wu tién cé dinh
4.2. Thiét ké bg phan xi Round Robin

B6 phén xir Round Robin c¢é cac duong tin  cac chéan tin hiéu ngd vao va ngd ra cua
hiéu ngd vao va ngo ra tuong tu nhu ¢ bo phan bo phan xir Round Robin.
Xt mirc wu tién c6 dinh. DBiém khac biét giira hai
b6 phan xtt nam & c::’ach phan phat quyén uu tién. 4
Thay vi dugc gitr ¢o dinh thi tha tu cdc mic uu
tien & bo phan xu Round Robin s& dugc xoay
vong gitta cac request dé tao nén sy can bangvé !
quyén truy cap. Qua trinh phan Xt sé& dira vao céc
tin hiéu rst, clk va thtr ty mtrc wu tién hién tai dé
cap quyén cho request dit diéu kién. Hinh 3 duéi  Hinh 3. So'd6 khéi tong quat bg phan
day mé ta so dd khéi téng quat va bang 3 md ta xir Round Robin

Bdng 3. M0 ta chan tin hiéu bg phan xi Round Robin

Tén chan tin hiéu Loai Do rong (bit) Chire niang
req Input 4 Tin hiéu yéu cau quyeén truy cap
clk Input 1 Tin hiéu xung clock
rst Input 1 Tin hiéu reset b phan xu
grant Output 4 Tin hiéu cap quyén tir bo phan xir

Hinh 4 bén dudi mé ta mot kién trac cua bo phan xi Round Robin. Sy phéi hop
hoat dong cua bo chia xung, Flip Flop D va b ¢ém vong gidp bo phan xi Round Robin
xoay vong va thiét 1ap chu ky xoay quyén wu tién cho cac request ngd vao. Céc khéi logic
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vu tién két hop véi cac cdng logic OR gilp bo phan xur thiét 1ap cac mic vu tién & mdi
chu ky xoay va cho két qua phan xir & ngd ra grant. Céc chic ning cu thé caa bon khbi
chinh trong bo phan xir Round Robin:

— Bo chia xung (Clock Divider) cé chirc ning chia nho tan s xung clock dé thiét
dat chu ky xoay vong cac muc wu tién.

— Flip Flop D c6 chtrc ning lam mdt mach tao xung kich va gitr tin hiéu cho bo dém
vong.

— B6 d&ém vong (Ring Counter) ¢6 chirc nang twong tu nhu mot thanh ghi dich thuc
hién hoat dong dich ting bit dé cap tin hiéu enable cho cac khéi logic utu tién.

— Khéi logic wu tién (Priority Logic) c6 chirc nang nhan tin hiéu truy cap tir cac
ngudn request két hop véi tin hiéu enable nhan tir ngd ra bo dém vong dé cap quyén theo
thir ty dugc thiét 1ap sdn & ting khéi. Chire nang nay gan giéng chic nang caa mot bo ma
hoéa uu tién (Priority Encoder) tuy nhién dir li¢u ngd ra sé khong bi mé hoa.

req[0]
req(1]
req[2]
req[3]

— gni[1]

= gnt[2]

= gnt[3]

Hinh 4. So d6 kién tric bg phan xir Round Robin

5. Két qua

Cac két qua md phong va thyuc hién trén phan cing déu duoc sir dung vai ngudn
xung clock 1a 50 MHz. Bé c6 mot céi nhin tong quat vé hoat dong cua hai bo phan xir,
chiing toi tién hanh xay dung bén testcase véi sb luong truy cap dong thoi khéc nhau cua
bdn ngd vao request. Cac testcase duoc trinh by cu thé trong bang 4 dudi day.

Bdng 4. Bang testcase

Testcase N@i dung thuc hién

Testcase 1 Kiém tra hoat dong hé théng khi c6 1 request yéu cau
Testcase 2 Kiém tra hoat dong hé thdng khi c6 2 request dong thoi yéu cau
Testcase 3 Kiém tra hoat dong hé thong khi c6 3 request dong thoi yéu cau
Testcase 4 Kiém tra hoat dong hé thong khi c6 4 request dong thoi yéu cau
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5.1. Két qua md phéng

Chuing toi tién hanh mé phong hai bo phan xu trong cling mot so dd dang séng dé
so sanh thuat toan va toc do phan xir. Ngé ra grant Gc nay s& co do rong la 8 bit vai 4 bit
grant[7:4] ang véi ngd ra grant cua bd phan xir muc wu tién ¢b dinh, 4 bit grant[3:0] ung
véi ngd ra grant caa bo phan xtir Round Robin.

Hinh 5. Két qua md phdng testcase 1

Hinh 5 phia trén mé ta két qua mé phong testcase 1 cua hé thong. Trong khoang
thoi gian 0 ns <t < 15 ns, gia tri chan tin hiéu rst = 1 nén thir tw mac wu tién ¢ bo phan
xtr Round Robin dugc dua vé mic dinh 13 req[0] — req[1] — req[2] — req[3]. Nghia
1a req[0] s& c6 mirc wu tién cao nhat tiép dén 1a req[1], req[2] va cudi cung la req[3].
Dén thoi diém t > 15 ns gia tri chan tin hiéu rst = 0, hé thdng tién hanh phan xu theo
mirc vu tién cb dinh cho ngd ra grant[7:4] va phan xu theo thuat toan Round Robin cho
ngd ra grant[3:0]. Trong khoang thoi gian 30 ns <t < 40 ns, ngd vao req = 0100 tng
véi req[2] tich cuc, gia tri ngd ra grant 12 00100100 do van chua dén thoi diém xung
clock canh I&n nén bo phan xu uu tién ¢d dinh van chua thuc hién hoat dong phan xu.
O thoi diém t = 40 ns, c6 xung clock canh 1én thi gia tri ngd ra grant IGc ndy mai chuyén
thanh 01000100 &ng vai req[2] da duoc cdp quyén & ca hai bo phan xir. Trong khoang
thoi gian 40 ns <t < 80 ns, thir ty mirc wu tién ¢ bo phén xit Round Robin da dugc
chuyén thanh req[1] — req[2] — req[3] — req[0]. Tai t = 50 ns, ngd vao req c6 gia tri
0001 &ng vai req[0] c6 yéu cau truy cap nhung gia tri ngd ra (grant [7:4]) cua b phan
Xtr mirc wu tién cd dinh van gitr nguyén 1a 0100 do van chua dén thoi diém xung clock
tich cuc canh 18n. Sau mdi 40 ns twong duong hai chu ky xung clock thi thir tuw mirc wu
tién & bo phan xir Round Robin s& xoay vong mot muc tao nén sy can bang vé quyén
truy cap giira cac request. Bo phan xtir mac uvu tién cb dinh c6 tha ty cac muc wu tién
dugc giir ¢b dinh 12 req[0] — req[1] — req[2] — req[3] va chi tién hanh phan xt khi
dén thoi diém canh 1&n xung clock.

Hinh 6. Két qua md phdng testcase 2
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Hinh 6 phia trén md ta két qua md phong testcase 2 cua hé thong. Trong khoang thoi
gian 0 ns <t<15ns, gid tri chan tin hiéu rst = 1 nén thir tw muc wu tién & bo phén xir Round
Robin duoc dua vé mic dinh 1a req[0] — req[1] — req[2] — req[3]. Khi t > 15 ns chan tin
hiéu rst = 0 nén hé théng tién hanh phan xt theo muc wu tién cb dinh cho ngd ra grant[7:4]
va phan xir theo thuét todn Round Robin cho ngd ra grant[3:0]. Tai thoi diém t = 20 ns, gia
tri ngd vao req 12 0101 &ng véi req[2] va req[0] dang ciing c6 yéu cau truy cap va dong thoi
c6 xung clock tich cuc canh 1én nén ngd ra grant Iic nay co gia tri 1a 00010001 tng Vi
req[0] dang duoc cip quyén & ca hai bo phan xir. Trong khoang thoi gian 40 ns <t < 80 ns,
mtc vu tién cao nhit & bo phan xir Round Robin di duoc chuyén cho req[1], Iic nay req[0]
s& c6 mirc wu tién thap nhat. Tai t = 50 ns, ngd vao req co gia tri 1a 0011 ung véi req[1] va
req[0] cling cd yéu cau truy cap nhung chi c6 ngd ra cua bd phan xti Round Robin (grant
[3:0]) thay d6i gia tri thanh 0010 do van chua dén thoi diém xung clock canh 18n. Tai thoi
diém t = 60 ns, c6 xung clock tich cuc canh 1én va ngd vao req thay ddi gié tri thanh 0101.
Ngd ra grant lGc nay c6 gia tri 14 00010100 tng véi req[0] duoc cip quyén & caa bo phan
Xt mirc wu tién cb dinh va req[2] duoc cip quyén & bo phan xa Round Robin do req[2] c6
mic wu tién cao hon req[0]. Két qua ngd ra grant & mdi bo phan xt s& dugc phan xir theo
thuat toan tuong tng ¢ nhirng chu Ky sau tuong tu nhu ¢ testcase 1.

-- 500 40irs B.000rs MAE 00
Value s il (0ng

p B gant2d] aocsoniz

1[\2 it [0
b o
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H|nh 7. Két qua mo phong testcase 3
Hinh 7 md ta két qua md phong testcase 3 caa hé théng. Trong khoang thoi gian tir
0 ns dén 15 ns, gia tri chan rst = 1 nén thir tw mic wu tién & hai bd phan xir duge dua vé
mac dinh la req[0] — req[1] — req[2] — req[3]. Khi t > 15 ns, chén tin hiéu rst = 0 nén
hé thong tién hanh phan xir theo mirc wu tién c¢b dinh cho ngd ra grant[7:4] va phan xu
theo thuat toan Round Robin cho ngd ra grant[3:0]. Trong khoang thoi gian 15 ns <t <
40 ns, req[0] van dang giit mirc vu tién cao nhat & bo phan xtr Round Robin. Bong thoi,
cac ngd vao lic nay déu cé req[0] tich cuc nén ngd ra grant ludn co gia tri 00010001 &ng
véi req[0] duoc cap quyén & ca hai bo phan xir. Trong khoang thoi gian 40 ns <t < 80 ns,
thar tu muc vu tién ¢ b phan xir Round Robin da duoc xoay vong thanh req[ 1] — req[2]
— req[3] — req[0]. Tai thoi diém t = 40 ns c6 canh Ién xung clock, ngd vao req co gia tri
la 1101 tng véi req[1] khdng tich cuc nén req[2] s& dugc wu tién cap quyén trudc & bd
phéan xu Round Robin. Ng6 ra grant ltc nay s€ cé gia tri 1a 00010100 tng véi req[0] dugc
cap quyén ¢ bo phan xir mirc wu tién cb dinh va req[2] duoc cip quyén & b phan xir
Round Robin. Két qua ngd ra grant & mdi bo phan xir s& duoc phan xir theo thuét toan

tuwong (tng & nhirng chu ky sau twong tu nhu ¢ testcase 1 va 2.
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Hinh 8. Két qua md phong testcase 4

Hinh 8 m6 ta két qua md phong testcase 4 cua hé thdng. Trong khoang thoi gian tir 0
ns dén 15 ns thi gia tri chan tin hiéu rst = 1, thi tw mic wu tién ¢ bd phan xir Round Robin
duoc dua vé mic dinh 13 req[0] — req[1] — req[2] — req[3], luc nay req[0] s& c6 mirc wu
tién cao nhit nén req[0] s& dugc grant & ca hai bo phan xa. Khit > 15 ns thi chan tin hiéu
rst = 0, hé thong tién hanh phan xir theo muc wu tién c¢b dinh cho ngd ra grant[7:4] va phan
xtr theo thuat todn Round Robin cho ngd ra grant[3:0]. Trong testcase 4, ca bon request
cling tich cuc tai moi thoi diém nhung tai mdi thoi diém chi c6 mot request duoc grant, cac
request khac bat budc phai cho dén thoi diém mirc uu tién cia no 1a cao nhat thi méi dugc
grant. Do hoat dong phan xtr khac nhau & hai bd phan xir nén viéc cp quyén ciing khac
nhau. O bd phan xir mirc vu tién ¢ dinh thi tha ty mice wu tién ludn 14 req[0] — req[1] —
req[2] — req[3] nén req[0] s& ludn duoc cap quyén tai moi thoi diém. Nguoc lai, thir tu
mirc wu tién & bo phan xtir Round Robin luén dugc xoay vong sau mdi hai chu ky xung
clock nén cac request s& duoc grant lan luot tai thoi diém murc wu tién cta né 1a cao nhat.

5.2. Két qud thec hign trén phan cing

Trong phan nay, ching t6i thuc hién hé théng trén phan cang Xilinx Spartan 3E dé
kiém tra két qua mo phong. Céc testcase s& lan lugt duoc kiém tra ¢ ca hai bo phan xir
mtrc vu tién cd dinh va bo phan xir Round Robin. Dé quan sét két qua dang song thuc té
cua hai b phan xir, nhém tac gia tién hanh két ndi cac ngd ra cua phan cing voi may
hién th1 song hon hop Oscilloscope 5 Series MS054 nhu hinh 9.

Hinh 9. Hinh thuc té phan ciing FPGA Xilinx Spartan 3E va Oscilloscope 5 Series MS054
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Hinh 10 mé ta dang song cua testcase 1 cua hai bo phan xur khi trang thai ngd vao
la req = 1000 ng véi req[3] dang c6 yéu cau truy cap. Hinh 10 (a) 1a két qua dang song
ngd ra grant[7:4] twong tng voi ngd ra cua bo phan xir mirc vu tién ¢ dinh. Hinh 10
(b) 12 két qua dang sdng ngd ra grant[3:0] tng véi ngd ra cua bo phan xir Round Robin.
Két qua ngd ra grant & ngd ra & ca hai bo phan xir déu 1a grant = 1000 ¢ng véi req[3]
duoc cap quyén. Tai mdi thoi diém chi ¢ mot trong bon request yéu cau truy cap nén
request d6 s& duoc cap quyén. Két qua dang séng thuc té cua testcase 1 dung voi két
qua dang song da mo phong.

|g rant[4] 1<

|;_;rant[5]:

|§rant[0] D~

|.grant[1];

(b) Két qua dang song cuia testcase 1 ¢ bé phan xiz Round Robin

Hinh 10. Két qud dang séng thuec té cua testcase 1
Hinh 11 mé ta dang song cua testcase 2 caa hai bd phan xur khi trang thai ngd vao
la req = 1100 wng voéi req[3] va req[2] dang c6 yéu cau truy cap. Dang séng ngd ra ¢ hinh
11 (a) la grant[7:4] = 0100 wng v&i req[2] duoc cap quyén ¢ bo phan xir mic uu tién cd
dinh. Déi vai dang séng ngd ra & bd phan xir Round Robin (grant[3:0]), bai vi req[2] c6
muc uu tién cao hon req[3] trong hai chu ky ma req[0] va req[1] gitt mic uwu tién cao
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nhéat. Nén khi req[0] va req[1] khdng cd yéu cau truy cap thi req[2] s& duoc cap quyén.
Diéu nay giai thich cho dang séng tich cuc muc cao cua tin hiéu grant[2] kéo dai ba chu
ky dugc mo ta trong hinh 11 (b). Trong khi d6, dang séng tich cuc mirc cao cuaa tin hiéu
grant[3] chi kéo dai trong mét chu ky tai thoi diém req[3] mang muc wu tién cao nhat.
Két qua dang song thuc té cua testcase 2 & ca hai bo phan xu déu dung véi mac wu tién
thiét dat trudc va ding véi két qua da mo phong.

|'gram[0]‘ O ST

h

L 4

[grant[ﬂ

(b) Két qua dang song cua testcase 2 ¢ bg phan xiz Round Robin
Hinh 11. Két qua dang séng thyec té cia testcase 2

Hinh 11 mé ta dang song cua testcase 2 caa hai bd phan xu khi trang thai ngd vao
la req = 1100 wng voéi req[3] va req[2] dang c6 yéu cau truy cap. Dang séng ngd ra ¢ hinh
11 (a) la grant[7:4] = 0100 tng v&i req[2] dugc cap quyén & bo phan xir mirc vu tién cb
dinh. B4i vé6i dang song ngd ra ¢ bo phan xir Round Robin (grant[3:0]), bai vi req[2] c6
mirc wu tién cao hon req[3] trong hai chu ky ma req[0] va req[1] gitt muc uu tién cao
nhét. Nén khi req[0] va req[1] khdng cd yéu cau truy cap thi req[2] s& duoc cap quyeén.
Diéu nay giai thich cho dang séng tich cuc muc cao cua tin hiéu grant[2] kéo dai ba chu
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ky dugc mo ta trong hinh 11 (b). Trong khi d6, dang séng tich cuc murc cao cua tin hiéu
grant[3] chi kéo dai trong mot chu ky tai thoi diém req[3] mang muc uu tién cao nhét.
Két qua dang song thyc té cua testcase 2 ¢ ca hai bo phan xir déu dung véi mic wu tién
thiét dat trudc va ding véi két qua da mo phong.

grant[5]

(a) Két qua dang song cua testcase 3 ¢ bg phan xi mire wu tién ¢é dinh

(b) Két qua dang song cua testcase 3 ¢ bé phan xiz Round Robin
Hinh 12. Két qud dang séng thuec té cua testcase 3

Hinh 12 mé ta dang séng cua testcase 3 cua hai bo phan xu khi trang thai ngd vao
la req = 1110 wng vai req[3], req[2] va req[1] dang c6 yéu cau truy cap. Dang song ngd
ra & hinh 12 (a) 1a grant[7:4] = 0010 &ng Véi req[1] duoc cip quyén & bo phan xi muc
vu tién c¢d dinh. DI véi dang séng ngd ra hinh 12 (b) cua bd phan xir Round Robin, bgi
vi req[1] c6 mac vu tién cao hon req[2] va req[3] trong chu ky req[0] gitt mirc wu tién cao
nhat nén khi req[0] khong c6 yéu cau truy cap thi req[1] sé& dugc cip quyén,. Diéu nay
giai thich cho dang song tich cuc muc cao cua tin hiéu grant[1] kéo dai trong hai chu ky.
Trong khi do, dang song tich cuc muc cao cua tin hiéu grant[2] va grant[3] chi kéo dai
trong mot chu ky tai thoi diém ma mirc vu tién cao nhat dugc xoay vong tuong tng cho
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req[2] va req[3]. Két qua dang séng thuc té cua testcase 3 ¢ ca hai b phan xu déu ding
V6i muc vu tién duogc thiét dat trude va dung vai két qua mo phong.

, 3E
|\grant[4]} 2 <N

|’grant[5]J

grant[1 ]\‘

(b) Két qua dang song cua testcase 4 ¢ bg phan xiz Round Robin
Hinh 13. Két qud dang séng thuc té cua testcase 4

Hinh 13 mé ta dang séng cua testcase 4 cua hai bo phan xu khi trang thai ngd vao
la req = 1111 tng vai ca bbn request dang co yéu cau truy cap. Dang séng ngd ra & hinh
13 (a) la grant[7:4] = 0001 ng v&i req[0] dugc cap quyén & bo phan xir mirc vu tién cb
dinh. i voi dang séng ngd ra & bo phan xir Round Robin (grant[3:0]) duoc mé ta trong
hinh 13 (b), ca bn tin hiéu request dong thoi cd yéu cau truy cap tai moi thoi diém nén
ca bdn request s& déu duoc cap quyén lan luot & tiing chu ky ma request d6 mang muc
wu tién cao nhét. Diéu nay ly giai cho viéc chu ky dang song tich cuc caa mdi tin hiéu
request déu nhu nhau va sé& 1ap lai khi quyén uvu tién cao nhit duoc xoay vong lai cho
chinh n6. Két qua dang séng thuc té cua testcase 4 & ca hai bo phan xir déu ding véi muc
phan xt duoc thiét dat trude va dang vai két qua da moé phong trén phan mém.
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6. Két luan

Trong bai bao nay, chung toi da thiét ké hai bo phan xir mirc wu tién cb dinh va bo phan
xir Round Robin vai bon Master va mot Slave sir dung ngén ngir miéu ta phan cing Verilog.
Dong thoi, chiing t6i ciing xay dung cac testcase dé kiém tra két qua md phong cua ca hai bo
phan xtr vé mit thuat toan va toc do phan xir. Két qua cho thay téc do phan xir caa bo phan
Xt mirc wu tién cb dinh phu thudc hoan toan xung clock, néu ngd vao thay d6i nhanh hon
xung clock thi s& bi bo qua. Tdc do phan xir & bo phan xir Round Robin khéng chi phu thudc
vao xung clock ma con phu thudc vao chu ky xoay cac mirc uu tién va toc do thay doi cua
c4c request. Bén canh do, két qua thuc hién trén phan cimg Spartan 3E di cho két qua twong
ddng vai két qua mod phong. Su can bang trong viéc cap phét quyén truy cap ¢ bo phan xu
Round Robin khdng thuc s qua cao, ngudn request chua duoc grant ¢6 thé bi bo qua néu
request nay tich cuc trong khoang thoi gian khéng duoc cap quyén uu tién cao nhat. Hé thong
chi dang sir dung tan s xung clock noi caa phan cimg 14 50 MHz, chwa duoc thuc hién trén
da dang cac nguon xung véi tan s6 khéc nhau. Théng qua nhiing két qua dat duoc trén md
phong va phan cang thuc té, nhom tac gia xin dé xuat mot vai huéng phét trién cho dé tai
nhu: Mo rong sé6 lwong Master va Slave dé sir dung trong cac hé thong thyc té, thay doi tan
s6 dé c6 thé st dung trong nhitng hé thdng hoat dong ¢ tan sé cao, tich hop b phan xt vao
céc hé thdng véi ngd vao 1a cac chuan truyén thong nhu 12C, UART hoic SPI.
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