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Tom tit—Su phitc tap ctua hé thong ma hoa tin hiéu
video H264/AVC da dan téi nhiéu khé khan trong viéc
klem tra, Kkiém chu’ng va kiém thuc cac thiét ké & mic hé
thong cua bo ma hoa nay. Nhirng kho khan chung toi gap
pha1 khi thiét ké va thue thi hé thong nay la viéc quan ly
cdc kich ban kiém tra; thay doi cac tham sb ctia hé thong
Va ctia kich ban kiém tra; va thoi glan chay mé phong lau
déi vol cac tap dwr liéu dung de kiém tra va klem chitng
hé thong, dac biét 1a khi hé thong dudgc ghép néi voi mot
hé thong trén chip (System-on-chip). Trong bao cao nay,
chung toi trinh bay mot phu’ong phap xay dung hé thong
mo phoéng va kiém chitng & mirc hé thong bd ma hoa tin
hiéu video H.264/AVC dua trén viéc thiét ké kich ban kiém
tra va klem chu’ng t01 glan va linh dong, két hgp véi cac
phan mém ma nguon mé sin cé nhu GNU Make, ngon
ngit Python d& tao thanh mot hé thong kiém tra va klem
ching tu dong, cho phép tu dong mo phong thiét ké tir
mitc hanh xu cho dén mirc cong 16-gic. Hé thong nay cho
phép chay nhiéu mé phéng tai cling mét thoi diém véi cac
kich ban kiém tra khiac nhau. Nho viéc nay, chung toi da
giam dugc thoi glan chay md phong tir 2 dén 10 lan phu
thudc vao kha nang cia mdy chay mé phong Kich ban
klem tra dugc thuc hién trén VHDL dé kiém tra thiét ké
cta bé ma ho4 tin hleu video H.264/AVC thuc thi trén
cong nghé 130nm cua hang Global Foundry.

Tie khéa—Mé hinh hod, mé phéng, kiém chiing,
H.264/AVC, hé thong trén chip, kich bdn kiém tra

I. GIOI THIEU

Vin dé kiém tra va kiém chiing hé théng 1a mot
trong nhifng vin dé quan trong va cin dugc xem xét
ngay tif thoi diém bat dau thiét ké hé théng. Thiét ké
cang phifc tap thi vin dé kiém tra va kiém chiing thiét
ké lai cang quan trong va khé thuc hién. Pbi vé6i cic
khdi nho, viéc kiém tra va kiém chiing thiét ké khong
khé thuc hién, vi sé trudng hop phai kiém tra khong
nhiéu. Tuy nhién, d6i véi cic hé thoéng phiic tap, bao
gdm nhiéu khbi chiing ning giao tiép véi nhau va giao
tiép véi bo xii ly va bd nhd ngoai nhu hé thdng ma héa
tin hiéu video H.264/AVC, viéc kiém tra va kiém ching
hé thdng 12 mot van dé phiic tap.

Cac hé théng 16n nhu bd ma hoa H.264/AVC c6
nhiéu khéi chic ning va nhiéu tham s6. Do viy, dé
ki€m tra cdc chiic ning nay doi hdi kich ban kiém tra
phéi linh dong, cho phép thay ddi tham s6 ma khong
phai thay doi cic ma nguon ki€m tra. Tt d6, he th()ng c6
thé dugc ki€m tra v6i cac tham sb thay d6i theo y. mubn
clia ngudi thiét ké ma khong phai stra lai ma nguon cla
chuong trinh va khong can phai bién dich lai thiét ké
cho moéi 1an chay md phéng. Bing viéc quan ly cac kich
ban kiém tra, hé théng md phdng c6 thé duoc thuc thi
tu dong dua vao tap kich ban cé sin. Viéc nay gitp hé
théng c6 thé dugc md phong trén cic hé mdy chi co
hiéu nang cao, tham chi 1a phan chia cac tip kich ban
ki€ém tra khac nhau trén cidc hé md phdng khic nhau.

Do c6 d6 phic tap cao va c6 nhiéu cac khoi chiic
ning, nén thdi gian dé€ chay mo phdng ctia hé théng ma
hoa tin hiéu video kéo dai. Trong hé thdng clia ching
toi, thoi gian md phdng cho mdt doan Video véi 5 khung
hinh 4nh c6 thé kéo dai dén 2 gio. Trong khi d6, cic
cong cu mod phong phan ciing hién nay thudng khong hd
trd mo phong da ludng (multi-thread). Mic dinh, chuong
trinh chay mo phdng s€ chi st dung mot 16i CPU trong
khi cdc mdy tinh hién dai dic biét 1a cac hé tinh toan
hiéu niing cao c6 thé c¢6 hang trim 16i xi 1y. Do vy, cic
cong cu nay khong tan dung dugc stic manh cua cic hé
mdy tinh c6 nhiéu CPU hoic cdc CPU c6 nhiéu 16i xi
ly.

Céc chuong trinh md phéng phan ciing thuong mai
déu hd trg giao dién lap trinh va diéu khién st dung ngodn
ngt thong dich Tel [1]. Cac chuong trinh nay dugc chay
bdi chuong trinh mo phong dé gip cic nha thiét ké
bién dich thiét k&, diéu khién chttdng trinh m6 phong,
theo ddi qua trinh md phong va cac tic vu go 16i v.v..
Tuy nhién, cac chuong trinh Tcl nay mac dinh cling la
cac chuong trinh thuc hién tuan tu, khong gidi quyét
dugc vin dé mo phéng da ludng (multi-thread) va da
tién trinh (multi-process). Tém lai, cdc chuong trinh Tcl
nay khong tdn dung dugc kha néng tinh toan cia cac hé
thong c6 nhiéu 16i xi 1y va khong rit ngan dudc thoi
gian bién dich ciing nhu mo phong thiét ké.



Trong béo cdo nay, ching t6i dé xuit mot phuong 4n
xdy dung hé théng kiém tra thiét ké linh dong st dung
céc tinh ning hd tr¢ clia cong cu mod phdéng, clia ngdn
ngon ngii VHDL/Verilog va cong cu Make, ap dung vao
hé ma hoa tin hiéu video H.264/AVC VENGME [2] do
chiing t6i thiét k& dé€ giam thi€u thdi gian bién dich
thiét ké, quan ly cdc ciu hinh chay md phong va quan
ly cdc tién trinh chay mo phdng. Hé thong c6 thé dugc
cAu hinh v6i cic tham sé khac nhau dé€ chay md phong
bing céch thay ddi cdc tham sb (bién mdi truong) trong
moi trudng chay thiét ké. Hé thdng mo phéng ho trg hai
cong cu md phdéng thong dung hién nay la QuestaSim
cua hang Mentor Graphics va VCS cua hang Synopsys.
S6 lugng cic tién trinh mo phong tai mot thdi diém va
thoi gian thuc hién md phdng véi cic kich ban kiém tra
phu thudc vao sb luong 16i vi xG 1y c6 trong mot may
chay mo phéng va s6 lugng mdy dudc st dung dé chay
mo phong.

Cac phan con lai ctia bdo cdo dugc sip xép nhu
sau. Phan II gi6i thiéu vé chuin ma hoa tin hiéu
video H.264/AVC va hé théng ma hod tin hiéu video
H.264/AVC VENGME do chiing t6i thiét ké&. Phan III
trinh bay thiét k& kich ban ki€ém tra va ki€ém chiing cta
hé théng ma hod VENGME. Phan IV 1a cdc cong cu hd
trg bién dich, quan 1y kich ban chay mo phdng, va két
qua dat dugc sau khi st dung cic cdng cu hd tr¢ nay
cung v6i kich ban kiém tra do chiing toi dé& xuit. Cubi
cing 12 mot s6 két luan dugc trinh bay trong phan V.

II. CHUAN MA HOA TIN HIEU VIDEO H.264/AVC VA
BO MA HOA TIN HIEU VIDEO VENGME

A. Gidi thiéu chung vé chudn H.264/AVC

Chuin ma hod video H.264/AVC [3] dudc cong b6
lan dau tién vao nim 2003. Piy l1a mot trong nhiing
chuén nén tin hiéu video hiéu qua nhit hién nay (ngoai
trit chuan H.265/HEVC viia dudc cong bd vao thang
3/2013), cung cip video vdi chét lugng cao hon vdi toe
do bit (bit-rate) thip hon cdc chuin nén video trude day.
Chuéin ma hod video H.264/AVC dugc phat trién bdi
nhém chuyén gia hén hgp JVT thong qua hdp tc gitta
ITU-T VCEG' va ISO/IEC MPEG?. Chuin nay dugc
trang bi mot tp cdc cong cu ma hoa c6 kha ning hd trg
cho nhiéu ting dung khac nhau, tit cic dich vu di dong
va hoi nghi truyén hinh, truyén hinh s6... cho téi cic
ting dung truyén hinh do phan giai cao, truyén hinh IP
va céc thiét bi luu trit s6. Néu so sanh v6i cac chuidn ma
hoa video trudc thi chuan H.264/AVC c6 thé gidm dudc
lugng tbc do bit dang k€ [4], 39% so véi MPEG-4 [5],
49% so véi H.263 [6], va 64% so v6i MPEG-2 [7].

DE ¢6 dugc ty 1¢ nén cao nhu vy, chuan H.264/AVC
dugc trang bi mot loat cac ky thuat ma hoa tién tien

IThe ITU-T Video Coding Experts Group (VCEG)
2ISO/IEC Moving Picture Experts Group (MPEG)

nhiam loai bé cdc du thita v& khong gian va thoi gian.
Tuy nhién, viéc trang bi nhiéu cong cu ma hod tién tién
ndy ciing 1am cho hé thdng ma hoa theo chuin nay trd
nén rét phic tap, dic biét 1a khi ching ta thuc hién ciing
hoa hoan toan bd ma hoa/giai ma. Hinh 1 minh hoa bd
ma hod H.264/AVC véi cic khéi chiic ning chinh.
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Hinh 1. S0 db khdi chiic ning ctia bd ma hoa video theo chuin
H264/AVC.

Theo Khuyén nghi H.264/AVC [3], cic dinh dang
(format) hay cu phéap (syntax) cho tin hiéu video bi nén
va phuong phép dé giai mi ci phap niy dé€ tao ra mot
chubi tin hiéu video c6 thé hién thi dugc déu dugc dinh
nghia mdt cach ro rang. Tuy nhién, trong cac tai liéu cla
chuin khong hé dé cap dén cach ma hoa (nén) tin hiéu
video sb (digital video). Phan nén tin hiéu video dugc
danh cho cdc nha san xuit bd ma hod tin hiéu video.

B. Bé ma hod tin hiéu video VENGME

Muc tiéu cua bé ma hoa tin hiéu video VENGME
la huéng t6i cic thiét bi di dong hd trg Main Profile
clia chudn ma hod tin hiéu video H.264/AVC. V6i Main
profile - Level 2, chip ma hod sé thuc hién c6 thé ddp
ting do phan gidi yéu ciu cla hoi nghi truyén hinh véi
loai hinh 4nh CIF va téc do khung 1a 30fps. Sau day
1a mot sb tinh ning cta chip ma hod dudc xic dinh véi
Iva chon trén:

e  Tinh ndng phdéng doan lién anh (Inter Predic-
tion)

e  Tinh ning phong doan ndi anh (Intra Prediction)
e HO trg k¥ thuat B slice

e Kich thuéc cac khdi 4nh c6 thé thay d6i (vari-
able block size)

e Tin ning bu chuyén dong Quarter—Pixel
e Hb tr¢g ky thuat ma hod entropy CAVLC

e Tinh ning du dodn c6 trong sb (weighted pre-
diction)

e B0 loc giai khdi lip (In-Loop deblocking filter)



e Dinh dang mau (4:2:0)

e Tinh nang dinh dang dong bit NAL (NAL
bitstream formating)

Kién tric thiét ké cu thé cia bd ma hod tin hiéu video
H.264/AVC VENGME dudc trinh bay trong Hinh 2.
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Hinh 2. Kién tric dé xuét cu thé ctia bd ma hod video H.264/AVC.

V6i kién tric phan cing nay, ca bo ma hoa tin hiéu
video H.264/AVC sé& dudc két nbi v6i hé théng thong
qua AMBA bus. D& c6 thé giao tiép véi AMBA bus,
bd ma hoad tin hiéu video H.264/AVC dugc trang bi hai
giao dién: Giao dién bus chi AHB (AHB Master Bus
IF) va Giao dién bus t6 APB (APB Slave Bus IF). Viéc
cAu hinh cdc thong sb cho bd ma hoa tin hiéu video
H.264/AVC dudc thuc hién thong qua giao dién bus t6
APB trong khi d6 céc dit liéu hinh 4nh dudc trao déi
thong qua giao dién bus chii AHB. Sau khi dugc ciu
hinh, bo diéu khién hé théng sé thuc hién diéu khién
cdc qua trinh xt ly ma hoa ctia hé bd ma hoa video
H.264/AVC.

Vi dit liéu nguon, dit liéu tham chiéu va dit liéu ma
hoa déu dudc luu trit trén bd nhé ngoai nén cac khoi
chiic ning ctia b ma hoa video H.264/AVC can phéi
giao tiép vdi hé théng bén ngoai thong qua giao dién
chi bus AHB. Tuy nhién, cic khéi chiic ning nay khong
thé dong loat trao d6i v6i AMBA bus ma phai trao doi
v6i giao tiép chi bus AHB thong qua mot bus noi dé
c6 thé quan 1y mdt cach hidu qua cac qua trinh trao ddi
dit liéu. Viéc cac khoi chiic ning nay thuc hién trao ddi
dit liéu thong qua bus ndi dudc trién khai thong qua cic
khoi giao tiép dic biét goi la don vi truy cip bd nhé
(MAU: Memory Access Unit). V6i thiét ké nay, b ma
hod VENGME cé céc don vi truy cdp bd nhé: CMB
MAU (don vi truy cap bd nhé doc di liéu MB hién tai),
SW MAU (don vi truy cap bd nhé cip dif liéu cho cira
s6 tim kiém), DF MAU (don vi truy cip bd nhé ctia bo

loc giai khdi), va NAL MAU (don vi truy cap bo nhé
dé ghi dif liéu ma hod ra bd nhé ngoai).

III. XAY DUNG KICH BAN KIEM TRA VA KIEM
CHUNG THIET KE

Véi thiét ké ciia bd ma hod VENGME da dugc trinh
bay trong phan II-B, méi truong kiém tra va kiém ching
chiic niing ctia bd ma hoa H.264/AVC can céc khbi chic
ndng sau:

e Loi ma hod tin hiéu video H.264/AVC dugc
ghép ndi véi hé thong bus AMBA AHB/APB
2.0.

e L&i CPU hoic bit ky mot 16i IP nao c6 kha
ndng 14p trinh truy cdp t6i cdc thanh ghi bén
trong bd ma hoa.

e Lai diéu khién ngit dé xi Iy cdc ngat ciia hé
thong trong d6 cd ngat ti bd ma hoa.

e  Mo-dun bd nhé ngoai. B ma hod sé st dung
by nhé nay dé luu cdc anh dy dodn cing nhu
video goc trong qua trinh ma hoa.

‘ “foreman .cif” ‘

‘ DDR 2 Model ‘
i 1. Read
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Hinh 3. Kién triic cia hé théng kiém tra dugc dé xuAt.

Hinh 3 miéu ta hé théng dé xuét dé kiém tra va kiém
chiing 16i ma hoa H.264/AVC VENGME. M6 hinh dugc
xdy dung dua trén céc khdi c6 sin trong thu vién GRLIB
[8] nhung dugc tich hgp thém 16i ma hod H.264/AVC va
16i 1am nhiéu vu ki€ém ching hay con goi la Verification
IP. Hé th6ng nay bao gdm:

e B) ma hod H.264/AVC dia dugc thiét ké: Thiét
ké can kiém chiing (Design Under Test — DUT)

e DDR2 Memory model: mdé hinh DDR2
SDRAM

e AHB_VIP: c6 chic niang doc ndi dung video
cin ma hod tt mot file video (vi du fore-
man_qcif.yuv), sau d6 copy ndi dung nay vao
DDR2 SDRAM theo titng khung hinh dé chuin
bi cho qué trinh ma hod; cai dit cac tham s va



kich hoat qua trinh hoat dong cliia bd ma hoa
H.264/AVC.

Mo hinh AHB_VIP dugc mé hinh hod st dung ngén
ngit VHDL, dugc tham sb hod st dung céc tham sd dudi
dang generic d€ c6 thé thay ddi kich ban ki€ém tra ma
khong can phai bién dich lai thiét ké. Cic tham sd nay
sé dugc thay ddi tai thoi diém bat diu chay mo phong.
Pinh dang ctia kich ban ki€m tra sé dudc trinh bay trong
phan III-B. Ngoai ra, bd mi hod ciing dudc xiy dung
v6i mot sb tham sd khac tuong tu nhu cich mo hinh
hod AHB_VIP d hé trg viéc kiém tra tiing chic ning,
tit ché d6 ma hod, va trich xuit dif liéu phuc vu muc
dich g6 rbi (debug) qua trinh ma ho4.

A. M6 hinh AHB_VIP

B6 ma hod tin hiéu video khong doc truc tiép dit
liéu video gbc. Viéc nay dudc thuc hién béi khéi kiém
chiing thiét k¢ AHB_VIP. Khéi nay c6 thé déng vai tro
nhu mot bo xit Iy d€ thuc hién viéc sao chép dit lidu
video gbc 1én trén bd nhd, thiét lap cic ché do hoat
dong cho bd ma hod, trude khi kich hoat bd ma hoa.
Khéi nay ciing ddm nhiém viéc xir ly ngat khi bo ma
ho4 da hoan thanh ma hoa mot chudi video.

Cac budc didu khién bo ma hod H.264/AVC
VENGME dé thuc hién ma hoa mdt tip tin video dudc
lap trinh trong AHB_VIP nhu sau:

1)  AHB_VIP doc cac khung hinh anh tir video
gbc vao bd nhé DDR RAM. SH luong khung
hinh anh dudc doc vao bd nhé cé thé cAu hinh
qua tham sb ctia kich ban kiém tra d€ tiét kiém
bd nhd.

2)  AHB_VIP ghi cic tham s6 cho qué trinh ma
hoa (kich thudc khung hinh, dia chi luu giit cac
khung hinh di dudc tai tao, két qua sau khi ma
ho4, hé sb luogng tir hod v.v...) vao cac thanh
ghi ctia b0 ma hoa H.264/AVC.

3)  AHB_VIP kich hoat qui trinh ma hod bing
cach dit bit ‘enable’ trong thanh ghi diéu khién
Ién ‘1°.

4)  AHB_VIP chd ngit tit bd ma hoa H.264/AVC
dé thong bao két thiic ma hoa mot khung hinh
hodc mot chubi khung hinh.

5)  Sau khi qua trinh ma hoa két thic, AHB_VIP
doc di liéu hinh anh da dudc ma hod, va viét
ra tip tin van ban.

Sau khi qué trinh ma hod hoan tit, cic tip tin dugc
trich xuit ra ngoai trong qua trinh mo phdng sé dugc
phén tich d& d4nh gid hiéu qua ma hod va kiém tra 18i.
Tap tin di liéu di dudc ma hod & du ra sé dugc gidi
ma bang phan mém tham chiéu JM [9] cda chuin ma
hod tin hiéu video H.264/AVC dé chiing minh dit liéu
di dugc ma hod tuin theo chuin nén tin hiéu Video

H.264/AVC. AHB_VIP ciing c6 thé ding chuong trinh
mo phong trong trudng hgp thsi gian mé phdng vugt
qua mot ngudng cho phép dudc dit bdi ngudi thiét ké.
Viéc nay sé giip gidm thdi gian md phong va nhanh
chéng xic dinh nguyén nhan giy 16i va tiét kiém thoi
gian m6 phong.

B. Kich bdn kiém tra

Kich ban kiém tra 12 mot tap tin viin ban véi cac tham
sb6 clia cdc tin hiéu video dau vao va cdc tham sb cia
qué trinh mi hod. Dya vao cac kich ban kiém tra nay,
chuong trinh Make [10] sé sinh ra cic cAu hinh tuong
ting d€ thay ddi cac tham sb cia AHB_VIP tai thdi diém
g0i chuong trinh mo phong. Ung v6i mbi kich ban kiém
tra s& c6 mot tip tin dau ra. Tap tin luu kich ban kiém
tra ¢6 dang <tén-video-ngudn>_<video-format>.cfg vi
du: forman_gcif.cfg. Mot s6 cau hinh quan trong cta
mot kich ban kiém tra dién hinh c6 dang nhu sau:

CFG_VIP_FILENAME=foreman_gcif.yuv
CFG_VIP_FM _W=176

CFG_VIP_FM H=144
CFG_VIP_INIT_QP=6

CFG_VIP_GOP_M=4

CFG_VIP_GOP_N=2

CFG_VIP_FMENC=5

CFG_VIP_IRQ_EN=1
CFG_VIP_CMB_NFM=2

e CFG_VIP_FILENAME la dudng din dén tip
tin video goc.

° CFG_VIP_FM_ W X /CFG_VIP_FM_H la do
phéan giai cia video goc.

e CFG_VIP_INIT_QP la tham sb lugng tit hod
trong chuan H.264/AVC (gid tri tif 0 dén 54).

e Hai tham s6 CFG_VIP_GOP_M va
CFG_VIP_GOP_N la hai tham sb quy
dinh dinh dang ctia mdt nhém hinh anh (Group
of Pictures).

e CFG_VIP_FMENC la s6 khung hinh anh sé&
dugc ma hod. Tham s6 nay phai nhé hon hoic
bing sb khung hinh anh thuc c6 trong tip tin
video gbc.

e CFG_VIP_IRQ_EN cho phép kich hoat ngit
trong bd ma hoa.

e CFG_VIP_CMB_NFM la sb khung hinh 4nh
tt video gbc sé dudc nap lén bd nhd.
Sau khi ma hod xong CFG_VIP_CMB_NFM
khung hinh 4nh, AHB_VIP sé nap thém s6
CFG_VIP_CMB_NFM khung hinh méi vao bd
nhS va kich hoat bd mi hoa tiép tuc ma hod
ciac khung mdi cho dén khi s khung hinh
dugc ma hoa dat dén sb khung hinh trong
CFG_VIP_FMENC.




Bing cich st dung kich ban kiém tra, cdc tap tin
két qua sé dugc sinh ra dua trén cac kich ban kiém tra.
Kich ban kiém tra cling c¢6 thé dugc sinh ra mot cich tu
dong tit d6 qud trinh ma hod c6 thé dugc tu dong hod
dén muc t6i da. Mot wu diém khéac ctia kich ban kiém
tra 1 c6 thé chay song song nhiéu kich ban kiém tra ma
khong so bi xung dot dii lidu. Cac tham sb trong qué
trinh mo phéng sé dugc thiét 1ap dua vao cac kich ban
kiém tra.

C. Cdc cdu hinh cua bé md hod

Bén canh kich ban kiém tra, cic cAu hinh khéc ctia
bd mi hoa ciing c6 thé dudc ciu hinh thong qua cic
bién moi trudng. Mic dinh, cong cu Make hd trg nhan
thong tin tif cc bién méi trudng. Dua vao cic bién moi
trudng nly va cong cu Make, céc kich ban kiém tra va
cdc tham s6 khac c6 thé dugdc tiép nhan tif bién moi
truong, va hé thdng c6 thé dugc kiém tra véi cic ché
do khac nhau. Viéc chay mo phong & miic hanh xi hay
mic cdng logic cling dudc ciu hinh qua cdc bién moi
truong. Céc bién madi trudng nay cé thé dudc luu vao tap
tin d€ st dung lai trong cdc 1an mo6 phdéng khac nhau.
Sau day 1a mot vi du ctia viéc dit gia tri cho cic bién
mdi trudng trong moi truong bash shell:

export PROJECT_ROOT=../FRONT-END
export SIM_TRACE_LEVEL=10

export SIM_PARA_FILE=foreman_qgcif.cfg
export COMPILER_OPTS=-quiet

Bién moi trudng quan trong nhét 1a PROJECT_ROOT.
Bién nay tro dén thu muc chifa mid ngudn ctia ci hé
théng. Sau khi bién niy dudc dit gid tri, hé thong
Makefile sé c6 thé dugc hoat dong. Hé théng mod
phoéng hoan toan tu dong tir bién dich thiét ké, dén
chay md phdéng, va gd rdi. Mot sd bién khic nhu
SIM_PARA_FILE thong bdo kich ban sé dugc st dung
dé€ chay mo phong. Bién nay c6 thé dugc dit nhiéu kich
ban mo phéng, phan cich nhau bing khoang tring.

IV. CAcC CONG CU MO PHONG, HO TRO MO PHONG
VA QUAN LY KICH BAN MO PHONG VA CAU HINH CUA
BO MA HOA

Trong hé théng ki€ém tra va kiém ching thiét ké
VENGME, ching t6i st dung cong cu Make d€ quan
Iy céc tap tin sinh ra trong qua trinh bién dich, chay
mo phdéng, va kiém tra két qua ma hoa. Bén canh cong
cu Make, ching t6i con sit dung mot sb ngén ngi
thong dich nhu bash/sh script va Python. Hai cong cu
mo6 phéng ngdn ngif miéu td phan cing dang dudc st
dung dé chay md phong hé thong VENGME la cong cu
ModelSim [11] ctia hang Mentor Graphics va VCS [12]
cua hang Synopsys.

A. HO tro kiém tra thiét ké bang GNU Make

GNU Make[10] 1a mdt cong cu da dudc st dung
rong rai dé€ hd trg bién dich cdc ngdn ngit 14p trinh khéc
nhau. Uu diém ctia Make 1a chiing ta c6 thé viét cc luat
don gidn d€ bién dich cac tap tin ma ngudn theo mot
thd tu nhit dinh. Khi mot tap tin thay d6i, thi cic tap tin
phu thudc vao né can dugc bién dich lai. Viéc nay c6
thé it ngin thdi gian bién dich thiét ké do khong phai
bién dich lai cac tap tin khdng phu thudc vao cic tip
tin bi thay ddi. Tuy nhién, Make khong hd trg tét cac
ngon ngit miéu td phan cting. Hing Mentor Graphics va
Synopsys déu cung cip céc cong cu dé sinh ra Makefile,
tuy nhién, cdc tip tin nay hoan toan phu thudc vao cac
cong cu va khé thay doi theo yéu cau ctia ngudi lap
trinh.

D& hd trg nhiéu cong cu mo phdéng, ching toi st
dung Emacs va VHDL-mode [13] dé sinh ra céc tap tin
Makefile cho ngoén ngtt VHDL. Tuy nhién, VHDL-mode
khong hd tr¢ sinh Makefile cho nhiéu thu vién. Do vy,
chiing t6i da thay d6i VHDL-mode d€ sinh ra tip tin
Makefile cho tiing thu vién riéng 1é c6 trong thiét ké.
Sau d6, ching t6i viét tap tin Makefile tong hop cho
phép bién dich tit ci cac thu vién va cic tip tin phu
thudc. Hién tai, Makefile do chiing toi thiét ké c6 thé
bién dich hé thdng véi ca hai cong cu, hd trg chay mod
phoéng dén miic cong logic (gate-level simulation) mot
cach tu dong hoan toan dua vao cic bién moi trudng va
kich béan kiém tra. Makefile clia chiing t6i cling hd trg
bién dich song song va chay m6 phong song song.

DE chay md phdng da tién trinh (multi-process) véi
kich bdn mo phdng bit ky (thim chi v6i kich ban
do ngudi dung tu viét khong c6 trong hé thdng), luat
Makefile da dudc viét stt dung cac luat tu dong (pattern
rule). Vi du, d€ sinh ra tip tin <tén-kich-ban>.h264.txt
tif mot kich ban kiém tra bat ky (tdp tin <tén-kich-
ban>.cfg), ching tdi dung luat cia GNU make nhu sau:

%$.h264.txt : %$.cfg
$(eval SIM_RUN_FILE=$<)
$(SIM_CMD) $(SIM_OPTS);

Ung v6i mdi kich ban kiém tra (tap tin <tén-kich-
ban>.cfg), s& dudc sinh ra mot tap tin dau ra tuong ung
bing cac chay cong cu mo phong véi cac tham sb tuong
ting v6i kich ban kiém tra. D€ tao ra tip tin nhi phin
<tén-kich-ban>.h264 va tap tin sau khi giai ma bang JM,
ching t6i cling st dung cac ludt tu dong tuong ty nhu
trén:

%.h264 : %$.h264.txt

@python $(script_src)/h264.py -1 $< -o $Q@
%.dec.yuv : %.h264

@$ (REF_DECODER) -1 $< -o $@

Do céc tip tin & dau ra ctia hé théng 1a cdc tap tin
vin ban, do vy, chung t6i da viét mot chuong trinh




Python [14] d€ chuyén tdp tin van ban nay thanh tap tin
nhi phan truéc khi dua két qua vao bo gidi ma chuin dé
kiém tra.

Bing cich sit dung cic luat tu dong, ching tdi c6
thé chay mod phdéng vé6i bat ky kich ban ki€ém tra nao
ding dmh dang nhu da trinh bay 6 phan III-B. Tuy vao
yéu cau ciia ngudi thiét ké, ngudi thiét ké c6 thé chon
chay hé théng vé6i tit ca cac kich ban kiém tra, hoic
chay véi mot s6 kich ban kiém tra, chay md phdng vdi
nhiéu tién trinh hodc don tién trinh. Ci phdp dé chay
md phdng véi toan bd cac kich ban kiém tra da dudc
dinh nghia sin sit dung 4 tién trinh song song nhu sau:

$ make regression -3j4

hodc chay véi mdt ,sé kich ban kiém tra do ngudi ding
dinh nghia v6i 2 tién trinh chay song song:

$ export SIM _PARA_FILE="f gcif.cfg a_gcif.cfg"
$ make run -7j2

B. Két qud dat dugc

Hinh 4 1a thoi gian chay m6 phdng cuia tung kich
ban kiém tra riéng 1¢, va tdng thdi gian chay mo phdng
trong trusng hop chay song song 4 tién trinh sit dung hé
théng mod phong va kiém ching dugc dé xuét trén hai
chuong trinh md phdng phd bién 1a Questasim va VCS.
T6ng thoi gian mo6 phéng cho cad 8 video trong trudng
hop st dung bdn tién trinh mo phdng chay song song tai
mot thdi diém st dung chuong trinh QuestaSim 1a 258
phiit. Trong khi d6, néu chiing ta chay lan ludt ting kich
ban, téng thdi gian chay mo phdng ciia céc kich ban nay
12 1017 phit. Nhu vay, néu chay song song bon kich ban
tai mot thoi diém, hé théng nay c6 thé gidm thoi gian
mo phong xudng xAp xi 4 1an. Véi tam kich ban kiém tra
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Hinh 4. Thoi gian chay m6 phong cua hé thng v6i mot s6 kich ban
ki€m tra bing chuong trinh QuestaSim va VCS.

nay, hé thong ciing dat dudc tdng do bao phii (coverage)
cia 8 kich ban kiém tra khoang 95%. Dua vao két qui
gidi ma cda chuong trinh JM va khé ning tu kiém tra

16i cia AHB_VIP, céc 16i ¢ thé dudc phat hién sém,
ddm béo cic thay doi trong qud trinh phét trién khong
anh hudng dén chiic nang va chat lugng ctia bd ma hoa.

V. KET LUAN

Mo phéng, kiém tra va kiém chiing thiét ké 12 nhiing
van dé quan trong c6 nh hudng dén chét lugng cita cic
thiét ke phan cUng Bing viéc dp dung cic cong cu
phan mém ma nguon md, két hop véi tinh nang cla cac
cong cy md phong va kiém ching, hé théng kiém tra va
ki€ém ching cho bd ma hod tin hiéu video H.264/AVC
VENGME da dugc Xﬁy dUng mot cach linh dong. HEé
thong c6 thé rat ngan thoi gian bién dich thiét ké, rut
ngan thdi gian md phong bdng cich su dung cic tién
trinh chay song song. Hé théng nay Cung gidp cho ngu’ol
1ap trinh khong can phai quan tam dén cdc chi tiét vé qua
trinh bién dich, mo phong va kiém chiing. N6 cho phép
ngudi thiét ké c6 thé chay mo phong trén cic hé tinh
toan hiéu ning cao, va tan dung dudc tdi da thi nguyén
ctia hé thdng. Véi tdm kich ban kiém tra va chay song
song 4 kich ban tai mot thoi diém, hé théng mo phong
va kiém ching d& xuit da rit ngin thoi gian chay mo
phoéng xubng 4 lan so véi chay lan lugt tiing kich ban
v6i do bao phu dat 95%.
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