Software Engineering and Applications {4 T8 5N, 2016, 5(4), 243-253 Hans X
Published Online August 2016 in Hans. http://www.hanspub.org/journal/sea
http://dx.doi.org/10.12677/sea.2016.54028

The Research and Implementation of
Pipeline Data Dependency in RISC
Microprocessor Design

Yanfei Guo?, Lihua Song?, Yin Zhang?

'ChemChina Petrochemical Co., Ltd., Beijing
’School of Computer, North China University of Technology, Beijing

Email: guoyanfei@petro.chemchina.com, slh2g@126.com
Received: Aug. 8", 2016; accepted: Aug. 27", 2016; published: Aug. 30™, 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Data dependency in the processor pipeline usually affects the correctness of the results of the in-
struction execution, and limits the performance of the processor. In this paper, we first analyze
the nature and causes of pipeline data dependency, and put forward the basic principle of data
dependency. Then combining this principle with the advantages that both of the suspended pipe-
line method and the data push forward method, we propose a new solution “a minimum instruc-
tion cycle writing back method”. The method is flexible and fully saves the consumption of hard-
ware resources. Without loss of generality, the method also can be used for solving the pipeline
data dependency problem of the embedded RISC microprocessor.

Keywords
Data Hazard, RISC, CPU

ot

RISCHAL IR 5% 1P 7k & BB +H o< 0] 7 )
5

R, R, Kk OA?
U E T AR AR AR, dbR

ES|I A I, R, KL RISC U AR R IR K S B AH G i) AT 7T S5 9B 0). B TR S RA, 2016,
5(4): 243-253. http://dx.doi.org/10.12677/sea.2016.54028



http://www.hanspub.org/journal/sea
http://dx.doi.org/10.12677/sea.2016.54028
http://dx.doi.org/10.12677/sea.2016.54028
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

K E

207 Tk RS BB, dbst

Email: guoyanfei@petro.chemchina.com, slh2g@126.com

Weks H . 20164F8 H8H; A HW: 20164F8H27H; KA HW: 20164F8H30H

=

SEHEBFRAKLH HBREEXTE, BESHMELSWITEROERE, HREGESERORIE. &3
B SRR K R 5K I R A B R AR AT HIAT, PR MR R EIE A S R AR . R R, JF
SZEWMERBIITE, TKGERENEEMEENRR, REFHBRTR— “BRDMELANE
BIE” , ZITERREXRDTE TRAERERERE, AR, SRR TIRAR B AR
RISCHY AL BLER K LR P BB A KR LS5

K2R
BIEMRX, RISC, CPU

1. 518

TR B A R e 8 AR /IS R B B Y5V FE 4 BB i (RIS AT AR T8 b T2 L T 2 Fh 2R 24 (1)
TALBRES th o SRTM, AEVUKZRBOAR T Ab B8 FEAR A TR AR TH R RE R [RIIF,  SR FH L TREE AR [FI R 25 51 K —
SO AL e 8 o B3 AH 5C (Data Hazard) o] @t 2 1 FH It 7K Ze 452 AR i s 1) 32 e 1) ji . —, i) 2 b
WK GRIR FE I3 N DA Rt /K 2 4 2 N 838 i 2 2% S (R 38 o, 500 A O (o) R0 R AS TE IR A A ™ 5, i
3 DA GnAAT A R 00 AH DO B e TR B 2R 2 TR R AR IR IS S S, HRAEAR AR Bipm g &
PERE.

e M RE AR AL 2 25 KR F Tomasulo s2S$i 4 0923 [ 1] R i e A0 AH G 1), 1% T & i AU &R
T RISC bRk, KA Tomasulo SRR vl /1 5SS & IFANK[2]. — 5T,
Tomasulo HiEFEATE A& H TR LR 2 I AR B3R A A O I, 9 — T, AR R G T %
{14 Ak BER 25 0 0 A R AP 5 0P Y g TR AR AR R s R EEESR, TRLE A AT TR AR Ay LR K B (o - %
T TR —ANE RIS, 8, AT R K28 1532 B 1 HE 2k i e b 28 i sk 3
BB S, H X PR R R T S B BB S FIRE R B, IS AN [ 4 7 T 52 1 Ak B 2 )
RE, TG 2 AR SRR K

NT e AR RISC THAh FE 38R K e 3R AH SC 1 R, AR ST o B30 A G PR T il Ji DR R HG A Jo s
v, FREREH R R T 5, BDRK R B ik R i v AR 25 . @ e R O R i S
gity, FATEIEE —FE G Tt RISC fib B 38 It /K 28 3 AH 5 fn) 8 1 15 R ——d5e /NP 4 R 1A 5 [
%, HLA—3K 32 AL RISC AL FE 3% Rewrite1060525 14 2 45 #4 A5, ioF 1 I Aol i w5 8 AR a1 B FL S B

2. BEMX

FEXT RISC Aotk PR 7K LA AT 5% R EAT WHE Z 1, FATEAH WA RISC fiAb BE 254K R 454 91,
XEAEAE [ 1) AT ] 2270 Hr o

A1 R AN IR RISC A BEAS IOMEELRE A, HORA T ik ER a5, 705005 IF e 44, 1D
PR EX AT MEM (068515 20 WB 5 [RIZ), 154 582 T F# 3] Fra B3R L #0R N IF



= C Cli cl
IFID, IDFEX, EX'MEM MEM/WB
opP
ControlBusD ControlBusE ControlBusM IControlBus!
Func cu
iz

ALURW

CLK
RWSFD Drs Flag 1
RSA | oo WE
ALURE o X | Dataws
RTA | grt on ALURM Do |-DataM DataW | =
Ins | RTD
A s _ID InsDy
Instruction| AddrE AddrM Data
memory —  RD Register Dt Memary
T DDi
—oara file
RDAD RDAE RDAM RDAW
Imm ..
———|Slgn Extend —

Figure 1. RISC processor with pipeline structure
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Figure 2. Two instructions with data hazard
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Figure 3. Abstract pipeline diagram to illustrating stall to solve hazards
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if (EX.rs! =0) AND (EX.rs == MEM. rd) AND MEM.registerWE) then

SrcA = MEM.alur;

else if (EX.rs! = 0) AND (EX.rs == WB.rd) AND WB.registerWE) then

SrcA = WB.alur;

else SrcA = E.SrcA;
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Figure 4. Abstract pipeline diagram to illustrating forwarding
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Figure 5. The relationship between instructions that might lead to data hazards
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Table 1. Comparison of the number of stall cycles under worst case
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