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A Multi—format Fixed Point ALU for Graphics Processing
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Abstract; In typical graphics rendering pipeline, the stages after projection such as back—surface culling, viewport transformation, raster-
ization and pixel shading,only need fixed point arithmetic operations. But the fixed point arithmetic operation range needs to change in
different stage of operation. Hence ,a multi—format fixed point Processing Element ( PE) for graphics processing is designed. Such mecha-
nisms of superscalar technology as dual—issue instruction word and multi—configuration pipeline are adopted when design,no general reg-
isters and LD/ST operations because of direct accessing mode. Particularly ,a blockbing bit is set in the instruction word for the control of

interconnect communication mode, also a few format bits are set in data word for the control of multi-format fixed point data processing.

2014

Parallel processing means like Instruction Level Parallel (ILP) and Data Level Parallel (DLP) can be found in design of PE.

Key words: graphics processing ; superscalar ; blockbing bit; instruction level parallel ;data level parallel

0 51 &

B2 TRl R 0 K, PR A BB 2 R
AASLFFISH 52 1, L T A AR G 0 150 55, T J2 26 1 1)
T R R, S P A T 5% /NS
F U 7 0 B RS T 5 R S 2 2 1
T 2380 o T o 5 0 S

VI TE A 2 P Ak B A5 2 o i TR, £ 5
SUSHUCAR 5 2 = A5 AR (R T U5 Sy Bk
BIEDG . SCHBETE T —Fh 2 i 3l S T8, ik LA AT

K fEEH3.2013-11-16 &0 H#.2014-02-20

2 PR ) 7 358 U D HME S5 S R A5 . 15 ASIC i
A AL , AT g Ty 27 235 4 AT 2 1 D i Rk
JNER | DA T 500K 26 57 4% T e i B ) Ak BB 25 ) 4
IR, 55 40, 7E AL B T AR b AT BT R, K T
ASIC BIHAFAE BB 5B IF R B A AT S AL

SO EEA GO S EE f R R L s s
et PR ASIC B3t J7 AT 2 Fi s 107 A 1
7 BRI, O DA 8 B 2 A BT A 255 DI
ZAk

™ 4% HH AR B[] : 2014 -07-17

HETH . BER A RBEIE 4T ST H (61136002) ; B & B AR DF o8 & R RIZEBII0 H (2011K06-47 )

EZ BN : 5= IN(1987-) 3 L0 A BSO8R THENLR SE 45 M A0 VST KD Ab B s 2=

B BB SRR RS

W, B2 WS TT 0 i AL R 2 L AR

P £& AR Ik « http ; //www. enki. net/kems/detail /61. 1450. TP. 20140717. 1226. 005. html



- 148 - HEMBARS R R

%24 %

1 BEREELINLML

VTR Ak L5 S0 R 2 P T S 4R (A ke
LA IR R ) — R O G 3 O 2 X
T b i B PRI Ak B3 R S 1500, 4564 A
M4 E DI BE

TERFLREEA P A A b FRZHE IR CPU 4 B2k fE %
i) API Bkl 4, 433 T & %) 3D A1 2D fE 451 %, 78
L A 4B T R 2 4R T UL SE B 1% i A
T KGR 58 AN R (R i G DR, I B 2908 113 AR R4
Wik BWIEAT, EBEANELP  BEPR A E &
FEICHYSEMME > A BB S IR A

FITCO M AR 1 e 46, 3222 58 ) BT JC I 3 78
VI 0 38 o T0 A5 Al b 45 38 1) B AR 18] I, S 7S 7 T A
ARG R B b, 75 B ad R R SR TS LA AR
125 AR ETE A, AN T H 3 At 2 T e 1 e
1t

XA DI RERE AL A B IT T LA T L ASIC
g5K, R BETr RR AUR B R sh 2 R e T, T
T AR AT MR, H R T A B 2 A — RO AR AR
R AL b R R R T, Sy U AR
AFTF BB e Fnle ik

hFHEMEEZ R 2R I A& RIRTERCE
TE PR B Pt o, SE8 0 X RGEPE L T —A
BIELR A T4 AR A8 1 B 4 T, W AF RE T 2
X— 5, AR T A SR TS 2 IR sh iz
AR ASIC %t Bl oo iy 494 Ak 3 ot fE im B A
95 R P RSB

2 EESEIT

AT S AT BROBE T T B L AR e | R TR R
FHE OB Y B L T DUR B, R A B 20
FE SCECEDREWE s ST oK O HEE iz B 2
BASS  S A RBR AT A SO s
A ETRA ARG MR R A A BRI  #AR R
R SRR I
2.1 ELES

SCPHEA RGN, R Y TR AT ) RISC
ok, PSR FR N 43 i, Hodh 4 & B ZE bR G AT
ERVENS IR EREEOR B AR, 84 T iom o B
FERRENL, BRVENS 5 6 (7 gmtd, B AHERIERS 10 19 4
Bty AR ERAE RS B 10 A2 R AS 0 16 157 i

— B L, BHLZEAR R 0, 35 4 1E % AT 1M
R R HIE, MBHZEAR BN E 1B, 354 fE &
Az B ZE | 75 B2 1 0 W A S ik 2 75 R R A2 3 1 b
KPE

PR BRE R — M R i Ui A sk, B A B VE A —

MRS Ui 57 BIECRT PCBTE 16 17 i IR 4R E 5k
SR

T8 MIRE R 48 2 T I ERAVEID 48 2 |, 43 S AR
VE B RIRE B AR B2 3 B 1 A
FHALR ] 25 RS LR
2.2 RWIEREW

Bl 1 RAN B RITHY SRS ] Ab R OT IR
IR KB AR A T PR RO & At
PAT,HE 5 B

ifetch

\
5] [POC

L)

. dmem bank1 .
dmem bank2

Canerbenks ) [ gauars [————

B1 XKREH#HB

82 FVEEAE ) s A i aok A0 42 11 43 ) 2R %)
F& A AN FVECIE A4t . 48 2 TIUBCRE YR 132 U 2% 46 4
IR OC ORI AL BN L R SO R A
BAEAAE 1525, 308 AT A 10 B8 23 126 BN [
TS MK B T 45 ) 85CH A b bk i DS B, 9 )
FERRTR AR

VRS BT UK RE [A] IRF Ab B R 2535 2 B PR RS R A
BAIRAEAEEL T 4 A bank , 5 2 AT [R]IFSEH 4 N ERAESL,
S bank K/NK 256 B, s K/NA 1 kB, ZHCE AT
ERAIE BN B H BEoRLE R B
B EN 2 AR s B R N H A 5 (R
# WARHE) 8 S RRIE A SRR IE E I T &0
TTHATE L AR L08R /T LOFAT AR
2.3 ERER

B X 22 As 28 m O R g B 2 R IX 43, 32
bit 54 4 755 AL 4 FH R AR S Bt s =X g 67, 1% 30
PR BRI, K As X DL 2,

dmem bank0 1

e Xt Bl
R 31:30  29:24 23.15 14:6 6.0
6.24 5E i KK 00 Ei2 /N e
15.15 5 B 01 % ¥ 7 #
24.6 %E 5B 10 % ¥ N
30.0 B4 11 = #

B2 S#XE &L
X T ICAF 5 BN 2, b PR S R 5 X i 8% G A
HEFTHIWT 0T 2o 2w B, A B D) 5 0 i 28
A HEAT I



10

Dy NS — R R A B 9 2o 4% U ss A e - 149 -

MBI EE R A S B R R OT A G hiE
BEIR SSRGS 50 108 585 TN Sl s 2 s
GG PR TT,

FEHEAT ARG TR, 5 i T 5 B B AT A
AEFE, FEALFRET AR A SRS s i 5
TS5 SR 58 s BT 45 A TR 4 A

A A B B A X T BRIB B, X T A
2, T ERAEECK 30 174 3L, A B AT I B KN 60
B, A NPAS6.24 5 S ECHTRe , W Je 4w 6 (AT 24
B, B AW 15,15 5 SUBUHTE I 45 15 47 FIIR
15 i, A5 R 24. 6 5 RUBURTE ) K45 24 467 Fl
fiK 6 1, # AP 30.0 & S KO I, I 254w 5 30 {7,
Bl K ik LRI BOZ0E s ks X B K8, Bl & AT
Ui I SR IR & A7 I, AL BRI 3 s

lo[ 24 [ 24 ]

Lo [

f—

[ 15 ]
l

[2¢ [ 24 Jo[ 6 [ 6 ]

L5 [ 15 Jel 15

[0 Je[ 30 ]
B3 #Arss

JE RUBRIR — B P AR R R R BB RS LA
KT AT BB AN T T DR A 92 B5F, 83 6 A I A%
B T R 1k, AR B 04 5 S0 A Y T80T AR, 2
Wk, BARMMOEZ, B AP 6. 24 38 SUEUHER,
R oe BB AR 30 A7 J5 , BUR AR 6 A AE 5 B0 43, FHA O
BrAe 24 S/NEBCH IR, BRI 15015 58 SUBOMBR , BR
SERER KR 30 )5, BRI 15 (AR R B2y, TS 0 &
315 Bi/NECR Ik, BTAS 246 28 SBUHER , B 58
BEBREL 30 17 )5 , BURT G 24 D7 VEREEGH 43, BRI O BRAS
6 Pi/NBUN IE . B RPN 30. 0 FE S EOHTBR , B 52 ol bR
%30 p7RAIE
2.4 BEEMEEAAR

TEPAT S5 Bk 48 4 B, 48 2 T 9 P T 23 328 A BH
FEARAS IR ALU B2 (15 45 o I W 2 5 01 7
B AR . X T ICA 1 kG 0 ek B0 FH #4042
PATBR L ERAE, o, sRE0E ] — M CALL #1 RET
FoABEXT 58 B, B CALL 48 € W HI R &L PC 51 R Bk 4%
PR RET iR Ik 04T

Xof T HHIE 1 BN A v 98 55 ), 50— 28 45 A
JERACIR KA R RN R A A R
BETL AR X 5,
2.5 EEMPEEER

h TAEFRESN Y s RS T & T B 4
F L CMORTT RS A 3 24z 11 w] F SR RS 6
BEAEIEAE

AR mesh FRFNEERE  38 4F BH ZE 07 e s ) B
gAE AR ZERT , B A A — e )
A SE G R BHZER S TR 0) R EE aod E
A T BSCE A S50 7 7 ok T W e A5 AT 152 S 4R
DA i OO 5 A R B[ A AR A O T AU A R
JC, BN R/INEI R 33 bit, Fe e 7 R B A RO ST, R
TREAEN . ¥ 1020 F) 1023 DU 3% SE B FEAE HL L
Tk EL A B (D38 A 23 A7 A8 0 42 11 btk

HARULK, A PE Z 45 E A F A PE 53K
P, AT LA AE A i B B M hE 5 B 10201023 4558
(L S v @ ST € % o 4 € R A 3
it A b h -t S A s 1) o T TR — B TR BRI
i BoR Bl .

ADD 1020, 0,1; //AHs PE 45 H.3% PE, 5 54

SUB 1021, 2,3; //ZAHs PE 45 H.3% PE, 5%k

MULT 1022,4,5; //7#i PE %5 H.3% PE, 5 5d%

DIV 1023,6,7; //ZAH1 PE 43 3% PE, 554k

WMARKEA PE BN E A B Y PE 324040 , w] LI 4
A bR R B 1020-1023 2558 15 Hidik . I,
FEVT IR) 38 A7 ik B A7 4 o) £ S8 A 4 1 T A AR
AT . T — B BRI i e BER B

ADD 1,0,1020; //7/RH#1 PE M 3% PE, 32504

SUB 3,2,1021; //7RH# PE )\ H.3% PE, 34035

MULT 5,4,1022; //ZH#1 PE )\ E 3% PE, S84

DIV 7,6,1023; //ZAH1 PE )\ H 3% PE, 3254

BH A5 2 AT LA o 38 Jin 56 S ok bR RN 98 1 L
UNAE I 4 B2 P 3 i B BLOCK AR Ay IX B 0 4
THS A S A X HE SN E 1, BfE
i, 388 2 B e A 8%, Xl (S AT A I B e &
HRAIE 2 A7 B A 35bm A A T

3 TheeISEAI R o4
3.1 IheeiE

B sy T A E BT R SV R IR o6 SV
RV RTL A5 () 5 FLA5 SR AT 7 X bl 1 A B e
JCHYFEARTEMIL

PR WG P E R ET Y SIS OB R Tw (B ey B S|
EIRMEEIR B 4 BN iR 2T kb BT 4
HlH RS B A, b BT R T A E
SO G FEAR AR SC R AR AR g S 1

[ ] | '] -,

R

A4 iz

b S



- 150 - HEMBARS R R

%24 %

3.2 NMHASH

i [F 2 2 A O B 2 = MAIE BT, K
B P BOR IS B m B E L, B S (a) F(b) J2
PR [F] 25 K4 3 1 B o i) b BT FE X L, AT LU
L ERIBT 22 3 S = AIERT, ASIC 25491 1 5 14
PRITAL TR AR, 7 AT S B S5 A4 %) 3 A F 4 ST )
b T BIBRIRAS

vy"?“‘

(a) ASIC 454

vvy”?‘\‘

(b) W gmFREH
B{s5 JmARELEMERHETHLETE

143X ASIC 4544 FA] g B2 45 4 25 T AS [7] 4~
B =B KT 5 BB R T SE 31 (£ L AE Model-
sim SE 6.5 F#47), Sil45 R B, ASIC &5+
PSR BN = TR B AT g B 25 R P, A5 S SR
Y R B A FRAL T 2, 7R 2 il 221> = A B B 4 ) 5 (]
PN T g AR R OTAE 2 ] B = AR
1 590 Fr B BER AL T 4, e i 24— A
JEET LA 23 hn st [a]

A1 ZABLET AR %t
=fgEE ASIC %5#4/kns Al R FELE R/ kns
1 1550 5 165
2 3385 5155
3 4735 5 150

M TR AL B 4 8 T B R B2 T, I A
B A PR — A T HOIR S il AR 45 M 38 2 ASIC 45 H4

NG A HE

4 LEFRIE

ZA% e 23S AR e A T B LS B Be iz 3
APRFLSR  AEAL PR FE B AN ASIC 2549, {H AR B ok
BRI RAG M, SCREAS R A 230 07 25 TR B, 0 T R
EIZHIT, WA — SR FRR T R,
FE G L, TSR A AL L ASTC 25 AR R i —
S PR R R T P A — K,

S 3k

[1]

(2]

(3]

[4]

[5]

[7]

[8]

[9]

[10]

[11]

(12]

[14]

Owens J,Davis U C. GPU architecture overview| C]//Proc of
SIGGRAPH. Santiago de Chile:[s.n. ],2007.

Sun Chih—Hao,Tsao You—Ming, Lok Ka—Hang, et al. Univer-
sal Rasterizer with edge equations and tile—scan triangle trav-
ersal algorithm for graphics processing units[ C]//Proceedings
of the 2009 IEEE international conference on multimedia and
expo. New York:IEEE,2009 :1358-1361.

B, sE PRS2 M. 3R R kR 5%
PR 3. AT T Tl AT 2010.

Shen J P, Lipasti M H. BUCALBEAR %3 . A AR B AL FRARILRE
[M]. 5K P dbat BTl i, 2004,

Hennessy | L,Patterson D A. i1 HEHL R G454 . &AL 5E 7
BIM]. B, B 55 4 ML dbat . f 0l s it ,2007.
Yi Kui, Ding Yuehua. 32 -bit RISC CPU based on MIPS in-
struction fetch module design[ C]//Proc of international joint
conference on artificial intelligence. Hainan Island. IEEE,
2009 :754-760.

Balpande R S, Keote R S. Design of FPGA based instruction
fetch & decode module of 32 —bit RISC ( MIPS) processor
[ C]//Proc of 2011 international conference on communica-
tion systems and network technologies. Katra, Jammu: IEEE
2011 :409-413.

Yi Kui, Ding Yuehua. 32 -bit RISC CPU based on MIPS-in-
struction decoder module design[ C]//Proc of second Pacific—
Asia conference on web mining and web—based application.
Wuhan: IEEE,2009 . 124-128.

Vijayalakshmi V,Seshadri R, Ramakrishnan S. Design and im-
plementation of 32 bit unsigned multiplier using CLAA and
CSLA[ C]//Proc of 2013 international conference on emer-
ging trends in VLSI, embedded system, nano electronics and
telecommunication system. Tiruvannamalai:IEEE,2013.1-5.
WHEIN, M T IUE S ERES BT & ASIC SEH
[J]. P72~ 53151, 2008 ,25(2) :133-135.

4 VR, M RZ I EDE R UG AL I A% BT AL 25 4
(). PUZEHBHL 24244 ,2012,17(3) 141-47.

Li Tao, Xiao Lingzhi, Huang Hucai, et al. PAAG;a polymor-
phic array architecture for graphics and image processing
[ C]//Proc of 2012 fifth international symposium on parallel
architectures, algorithms and programming. Taipei: IEEE,
2012 .242-249.

Li Tao, Xiao Lingzhi. A thin—core array architecture for graph-
ics and image processing[ J]. Journal of Xi’ an Institute of
Posts and Telecommunications,2012,17(3) :41-47.

ST - Wi 2R, SystemVerilog 8UE[ M. ik &, 7R 52
R AL Bk H R, 2009.



—FER B 2 SR [HGREE ..

==
(E=E A

{LE®

P4 x
., &0

S, 2V, iRk, YI Xue—yuan, LI Tao, PU Lin
S5, YT Xue—yuan (P42 M8 K2 PRI BE, BRVY 1522, 710061) , 43, Jilibk, LT
Tao, PU Lin (F§2MS RS WL TRE24BE, BEVE 542, 710061)

PEEHLBA 5% RSTIE]
Computer Technology and Development
2014 (10)

FIRASCKE S SN, 259, WAK. YT Xue—yuan. LT Tao. PU Lin —#f B EAEH 1) 2 4% 20 siis 2 DR 3 -
VAU AL R 2014 (10)



http://d.wanfangdata.com.cn/Periodical_wjfz201410036.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%98%93%e5%ad%a6%e6%b8%8a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b6%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%92%b2%e6%9e%97%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YI+Xue-yuan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Tao%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PU+Lin%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e9%82%ae%e7%94%b5%e5%a4%a7%e5%ad%a6+%e8%ae%a1%e7%ae%97%e6%9c%ba%e5%ad%a6%e9%99%a2%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710061%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e9%82%ae%e7%94%b5%e5%a4%a7%e5%ad%a6+%e7%94%b5%e5%ad%90%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710061%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e9%82%ae%e7%94%b5%e5%a4%a7%e5%ad%a6+%e7%94%b5%e5%ad%90%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710061%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%98%93%e5%ad%a6%e6%b8%8a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b6%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%92%b2%e6%9e%97%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YI+Xue-yuan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Tao%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PU+Lin%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_wjfz201410036.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx

