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A VLIW-Superscalar Hybrid Microprocessor Architecture
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(Institute of Microelectronics, Tsinghua University, Beijing 100084, China)

Abstract; This paper proposed a hybrid microprocessor architecture that combines VLIW and Superscalar executing
mode. By flexibly deploying control logic of the dispatch stage in the original single VLIW pipeline and implementing
two mode-switching instructions, this architecture can be switched between the two executing mode by programmer
or compiler. This paper describes the design and implementation of this architecture on Lily2 ISA. The evaluations

based on an open64 compiler toolchain show that this architecture performs well in both signal processing

applications and general calculating applications.
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MOV.K.32 (:XM) G3, #15
MOV.K.32 (XM) G4, #15
SETW.32(.YD)
ADD 32 (XA) G2, G3, G4
ADD.32 (.:XM) G3, G3, G4
ADD 32 (XD) G4, G3, G3
CMPE.32 (:XD) GO, G2, G4
MOVK.32 (XM) GO, #0
SETR.32 (.YD)
10 [!G0] B.32 (.XD) @Lable_2 /
Lable_1:

-3 IEN - VR ARV S

11  ADD.32(.XA)X22,X22,#1

12 B.32 (.XD) @test_done
Lable_2:

13 ADD.32(.XA)X23,X23, #1 /

14  B.32(.XD)@test_fail
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MOV.R(XA) X0,X1
ZERO(.XD) Gs
ADD(XA)
ST.W(XD) *X6, X0
[IX0] B(XD)
MOVR(XA) X7,X6
SUB(XM) X1, X0, #1
MOVR(XD) G1,X0
ZERO(.YD) Go
ADD(.YA) Y3,Y2,Y1
MUL(.YM) GO, Y2, Y1
ST.W(.YD) *X7,G1
LSR(XA) X1,#2
ADD(XM) X0, X0, #1

AN
AW
LD.D(XD) G5:G4, ¥X4[#1)
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MOVR (XA)
Cycle0 |

ZERO (.XD) 3 HHL S RIESE0
ADD (XA)

ST.W (XD) vl s pmiment

B(XD) VOele2 gl 4ginet2
MOVR (XA)
SUB (XM)

MOV.R (XD) Cycle3

ZERO (.YD) Wil HkESE3
ADD (.YA)

MUL (.YM) Cycle4

STW (YD) Wil ARG
LSR (XA)

ADD (XM) Cycle5
LD.D (.XD) . FRIBLSES
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FF TSMC 65 nm T.%, Lily2 &5 T/E7E 310
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F 1 DSP & HIMERETERI LB (cycles)

DSP core Ceva StarCore Lily2—
TI c64x

benchmark x1640  C1400 VLIW
Two biquad IIR 9 9 16 13
Vector dot product 19 16 25 19
Vector add 18 19 27 21
vector maximum 22 27 36 19
40-sample, 16-tap com- :

1333 675 674 448
plex block FIR
Radix-2, 256-point

1248 1631 1 246 1472

complex FFT
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$USEHA Lily2 VLIW A A0 FE ok 30, JF X AT
F Ik

f#/ Lily2 ) binutils — g T #4748, 4
BERL AT HEMTTPHATEF. & 2 sk Lily2
HE M ARM 4 3 28 #% 19 Dhrystone 3 ] Xt Lt
(DMIPS/MHz). PP %5 55K & » R Al Supersca-
lar-VLIW B & DR A S5 89 Lily2 LB a8 BA 0
FHHHRERI, E 20T AR & A ERE AL
F4R.

& 2 Dhrystone EM & R LB

i Dhrystone result
Microprocessor Core

(DMIPS/MHz)
ARM7-ARM710a 0. 68
ARMS-ARMS10 1.16
ARMI11-ARMI1176]JZ(F)—S 1.25
Lily2 1.26
Cortex-A5 1.57
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