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Realization of Branch Prediction and Value Prediction in VLIW

LI Xiao-tian, GUO De-yuan, HE Hu

(Institute of Microelectronics, Tsinghua University, Bejing 100084, China)

Abstract; To reduce the average branch penalty, the average memory reference latency and the program code size in
VLIW (Very Long Instruction Word) architecture, A new method to implement branch prediction and value
prediction in VLIW is presented. Firstly, the confliction of the dynamic prediction in Superscalar and the static
instruction parallelism in VLIW is analyzed. Then the branch and load instruction is expanded, one-to-one
correspondence between the delay slot and the new expanded instructions. The pipeline is stalled and the write back
stage is delayed according to the given instruction. Benchmark tests based on Gem5 and Magnolia VLIW DSP of
Tsinghua University are presented to prove the advantage of the branch prediction and value prediction in VLIW,

Key words: VLIW; branch prediction; value prediction; digital signal processor; dynamic prediction

, Cache( ) ,
! , VLIW
, (VLIW) R ,
, , (DSP) VLIW
B TI C6000 2l CEVA-X (Superscalar)

.CEVA-XC Bl DSP VLIW L4l

’ . . (o]
VLIW , Lo ,

VLIW , VLIW ,
) VLIW

: 2014—04—09; : 2014—05—30
(201272X01034001—002)



1 VLIW 55
L viw cye
2
2.1 . .
DSP
’ ’ ’ 1 VLIW BD
(Bubble).
15%~25%, VLIW 2.3 VLIW
VLIW
7 Superscalar B , B
Superscalar , ’
2 , MUL 4
( ) B
ADD 4 r0
VLIW s
Superscalar , ARM Superscalar ’ ’
Cortex ] Intel X86
’ o —
2.2 VLIW : Cycle2
VLIW DSP BD' ( | B
) Superscalar B( ) , E
, Super- i
scalar (S SUB 14,1010 Cycle 5
1 BD .BD z2 VLW
1 (Z BD ) ’
) ,BD 3
, 107 (Basic Block) , BE-
BD s GIN END
BD ,BD , B.P.Q
(critical path) . C .
. for .while s
: NOP  (NOP OL,> L,+ L,
)
; s Basic Block ,
ICache( ) @L,< L,< L,+ L,



56 2015

N

pram E(NOP ) = =) = N1
N < 2

LF ’B.i
L, Z, N, B

N
E(Tw) = 2 (ki + (= pN) =

Lﬂ
(N—D
—@— ENDA@ % + 1.
3 Basic Block B B B NOP ’
p , B NOP
Q ’ E(NOP ) = 0.
, VLIW
1) 0 Lq - (L/, - ’
n E(Ty) < E(Tgp) E(NOP ) < ECNOP ).
o BL< L VLIW ,
e , VLIW . BD
P ; L, ’
VLIW
VLIW y
N, 3
B.0,B. 1,---,
3.1
B.N.B B
4 VLIW . ’ y
VLIW Super- ARM Cortex-A
, TT C6000 DSP 3~5
scalar . ,
’ . ° B ’
VLIW : N
(Value Locality).
PR i CacheC )
2
AR AT —IRE- % i ’
1% ||
ﬁ 1
Bk M AR P g % i Superscalar ,
 E— T 7 S——— . .
4 VLIW ’ ’
VLIW ’ N, 3.2 VLIW
P : (1] |
BD BD
N + Switch ;
1<y, N+1 ) .
E(TI;I)):NZl: 2 H
BD NOP BD f

VLIW DSP )



1 VLIW 57
, DSP
’ ’ mw ! i
VLIW i |
3.3 VLIW _ R ;
VLIW , |WEHMHWTH3E}_§L : ;
m] L mams — ||
LIS AR |
5 .,  VLIW 5 VLW
.LD 1 , N
1. N-+1
914D O, E(TID)* l\[;lf 2
» ADD LD NOP LD
0 y X
s 5 VLIW | .
i
LD 0 E(NOP.y) =+ 5 = Nl
' N 0 2
» ADD r0 LD, i
1, i LD. i

Cycle 1 NOP Cycle 1

LD10,*1 | Cycle 2

ADD 12,10,10| Cycle 3

[}
|
-»| ADD 12,10,10| Cycle3 |
i
L

-=-» SUB r3,10,10 | Cycle 4

LD
, LD N, LD
N+1 , LD.0o,LD.1,---,LD. N,

0~N LD
6 VLIW
VLIW

Superscalar

Delay ,LD. ¢ l

VLIW .
VLIW s 0~N

LD . 20
LD LD

N
E(Tip) = 23 (p+ (1= p)i
N+1
1
LD, i NOP
. LD NOP

=p+U—=p)

E(NOP p,;) = LZO = 0.
N 0

’

E(TLD‘,) < E(TLD) aE(l\]OPL])‘ ,’) < E(l\]()PL[))-

VLIW , ,
VLIW s
, VLIW
4
4.1 DSP
VLIW
DSP Magnolia sl
| iCache |- nMu |- mrAM |
]
| Fetch/Decode/Dispatch |
[ S 7 7
CCIBaG] eIl
i 1
| GR ||| VR |
| DCache |- DMmMU |~ DraM |

7 Magnolia VLIW DSP



58

2015

7 Magnolia DSP
Magnolia DSP VLIW y
8 . 2 ALU ,2  MAC
52 2
5 3.
4.2
Michigan
Gem5H* . Gem5
. ARM  Intel
Gemb Cache,
N ,Gemb
4.3
2048 .
Open64 el 03
, newlib C
4.4
VLIW
Dhrystone2. 1, Whet-
stone Coremark
, , Dhrystone2. 1
Coremark , Whetstone
8
, Whetstone ,
Coremark
8 VLIW
9  Whetstone ,
NOP , Whetstone
) NOP
9 , VLIW

9 VLIW

NOP

NOP
VLIW
VLIW

DSP

+ convolution( )
 fir(FIR) ;

* fir2dim( FIR )3

* n real updates( )

« n complex updates(

+ Ims( ).
DSP
99%, DSP
10 11 .
DSP ,VLIW
. (convolution NOP
).

DSP VLIW
NOP
, VLIW

LD

DSPStone"

NOP

BD



1 . VLIW 59
Patent 7,143,273[P]. 2006-11-28.
[8] Fick D, Dreslinski R G, Giridhar B, et al. Centip3De:
A 3930DMIPS/W configurable near-threshold 3D
stacked system with 64 ARM Cortex-M3 cores[ C] //
Solid-State Circuits Conference Digest of Technical Pa-
pers (ISSCC), 2012 IEEE International. China: Bei-
jing. IEEE, 2012, 190-192.
[9] Kessler C W. Compiling for VLIW DSPs[ M ]. New
York,Springer, 2013 1177-1214.
[10] Malik A M, Mclnnes J, Van Beek P. Optimal basic
11 DSP VLIW block instruction scheduling for multiple-issue proces-
NOP sors using constraint programming[ J]. International
Journal on Artificial Intelligence Tools, 2008, 17(1):
o 37-54.
VLIW [11] Liu S, Eisenbeis C, Gaudiot J L. Value prediction and
speculative execution on GPU[J]. International Jour-
’ ’ nal of Parallel Programming, 2011, 39(5): 533-552.
[12] Yang X, He H. An advanced compiler designed for a
’ VLIW VLIW DSP for sensors-based systems[J]. Sensors,
VLIW ; 2012, 12(4): 4466-4478.
s VLIW DSP s [13] s R R VLIW—Superscalar
, , VLIW ) [Jl » 2013, 30
, (11): 1-5,
[14] Binkert N, Beckmann B, Black G, et al. The gem5
simulator[[J]. ACM Sigarch Computer Architecture
[1] Joy W, Tremblay M. Local and global register parti- News, 2011, 39(2) 1-7.
fioning in a VLIW processors U. S. Patent 7,114,056 [15] Butko A, Garibotti R, Ost L, et al. Accuracy evalua-
CP]. 2006-9-26. tion of GEMS5 simulator system[ C] // Reconfigurable
2] Diao Y. Zhao X. C code optimization for TI C6000 Communication-centric Systems-on-Chip (ReCoSoC) ,
DSPs[J]. Microcomputer Applications, 2007(5) ; 20. 2012 7th International Workshop on. UK. York,
[3] LinT]J, Liu CN, Tseng SY, et al. Overview of ITRI IEEE. 2012 1-7.
PAC project-from VLIW DSP processor to multicore com- [16] Lin Y T, Wang S C, Shih W L, et al. Enable OpenCL
puting platform[C] // VLSI Design, Automation and Test compiler with Open64 infrastructures[ C]// High Per-
VLSEDAT 2008. TEEE International Symposium on. Tai- formance Computing and Communications CHPCC).
wan : Hsinchu, IEEE. 2008, 188-191. 2011 IEEE 13th International Conference on. UK Liv-
[4] Roberts] S, Zuraski Jr G D. Hybrid branch prediction erpool. IEEE. 2011 863-868.
device with two levels of branch prediction cache: U. [17] Agarwal N. Dimopoulos N. A DSP stone benchmark
S. Patent 7,024,545 P]. 2006-4-4. of CoDeL’s automated clock gating platform[ C] // VL-
(5] Thuresson M, Spracklen L. Stenstrom P. Memory- SI, ISVLSI07. Brazil.IEEE Computer Society Annual
link compression schemes: a value locality perspective Symposium on. TEEE, 2007 508-509.
[J]. Computers, IEEE Transactions on, 2008, 57
(7). 916-927.
[6] Calus M P L. Genomic breeding value prediction: » (1989, : B
methods and procedures [ J]. Animal, 2010, 4(2): mail: Lixmail@163. com.
157-164. ., (1984-), s
[7] Jourdan SJ, Miller ] A, Morgan S A. Method and ap-
,(1974-), s

paratus for dynamic branch prediction utilizing multiple

stew algorithms for indexing a global history: U. S,



