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Abstract Reconfigurable instruction set processor (RISP) can dynamically extend its instruction set based on specific
applications characteristics. The design of its hardware architecture and software tools is very different from the tradi-
tional design ideas. Based on the research for the features of RISP,a RISP integrating dynamic sampling profiler (DSP-
RISP) was proposed. DSP-RISP has three kinds of working modes, obtaines the hot spots of applications through a
hardware profiler with sampling mechanisms and then with the software tool chain semi-automatically completes the
work such as instruction extension and generating, compiler retargeting and programmable hardware logic configuration
to achieve the hardware adaptability and software compatibility for various embedded applications. Experimental results
show that the sampling profiler of DSP-RISP is accurate and effective and under the limited hardware overhead, DSP-
RISP can well adapt to application changes.

Keywords Computer architecture, Reconfigurable instruction set processor, Instruction extended, Dynamic sampling

Vol. 40 No. 3

profiling

1 3

B A RACH 281 3T 75 TR BB R0 R 1 O E
#, 0] JE #4584 4 4b 8 88 (Reconfigurable Instruction Set
Processors, RISP)I/U gk A F — (R g 4b 88 4840 . B @it Al
WIZB BB AR ST RSB B A RN A
B RE MR RE AW, R ER RS ST
R4, AT 3 B FE R P #E B B 05 T R TR B 3R A8 B A O B
1PERE,

MY TSR ARACTEE, RISP £ T L4408
#% (Application Specific Instruction-set Processor, ASIP)™ )
Wi R ERETXMESENTERNEH LI, HiE4E
— R REAERS D E R M EA RS, AL BB

i

IR H#H:2012-09-15 K4 BHH.2012-11-20

TREARER AT — R BTS2 BEE
eS8 AR R FRRE B TR T 2R 4L » 52 JNE P AR i B
# SRSV B RITEES. 5 ASIP ARKE,
RISP By 784 i AL BE S AR YR BT R RFIE B A 42 i BT 7% B4
BB ST A Bt 7R T M BB B P B KB RISP
AT AYE R A R — A8 S R0 ASIP BB i iyt R A
ARG, BEA T i 9 AR BL B AR BT SO A LR AR 45
), AR E BT R OB AN . R, RISP 5421
3 I R PP ARRAIE 10 311785 8l B9 et » B ARME SEF T R BER
WAEAT RISP KM AT &, TEAFHK A TRSERT
ik, LAERL RISP 33548 & R MR 5, AT FE 434248 RISP
HIATHERE .

Z3CEEXT RISP BUBKEE (R 1, BT RO TAERR 88

AL ZERARBFESHFERS (61202053) BHKRESHASRFES (12BS21 B H) .

HeWB(1983—), B, {1, PHIF, FEBFR T MR ARKE S R G T BN IHE B BB RE . 4% L, E-mail: zhanghz1006@gmail. com;

E 8198—), B, B4R, TEMR I MANTEMITE FASERA,

o 31



B —FH AL TR IR O B SRR IR AR AT AR 1Y) RISP 403
seun Hy (RISP integrating Dynamic Sampling Profiler, DSP-
RISP), 4 M HRERG T RSN BRI FE. RS
PR AR B RE A S 28 5 3 0 — S Y SRAE SRR R BURR S 3L B Ak
TE R R RBHER ST BOSE AR S RENRMG
THEE#EFFERY BAERHES, TR FHNEE B
HHHIEHIR S RN EMRE, AT ERREERER
B N HEEF , 3 R KR R AR PATINE.

I 2 WA RISP SR M AR T B AR FH
KBFFT TAE; 58 3 1 iR DSP-RISP ik R 484 L RAEH
Frol TSR R TR 58 4 s g vk
RIS EE R B0 B AN I TAE#AT B R E,

2 XTI

2.1 RISP
RISP K572 B BTALFE A5 83T A 4. Beeck™ BF

RT—HMARER RISP B, UUEES TS MERWF
HEHA R A RER A RISP, Campi™ BF 5 i XiRisc R i
BA/TERZEN , BT B U (A8 o S5 A A48 SU iR
7, AME A TRE R BT RIES . Igbal 2 8iT# RT-
RISP W E50 4 BIETTER/ B SR, F B340
EHEAR , IR4E YA R AFR R sh S A S 8, AT S B4t
PGB Tt. Vassiliadis % #1189 Molen AMEH4L 28
B L SCHF AT BB AR, AR P AR (4 U IR S 380 ik » TS
BB R DAL B AR BT I — R 43, SER TR
BN T AL S B ER IR FHA4E 8 o AT MRS
LB, Mo, T 1145 RISP MR 5 e MR e
P47, Barat AT T IRZh#E RISP MBFFT, 8L T — M
Wattch BYZHFERLAL, X BT 3 i DR BE (9 RISP 47 T #E ¥
5, BT 18% MR, £ 1 EEEBHME 10 FEh%¥R
Fi—ge gl RISP Ab B3R 4R Y LE AR5,

F#1 i 10 SEHIAYSLE RISP AL T AR LA

RISP 4 # CRISP XiRisc Molen AMIDAR Vulcan IRISP TEMPO ARISE RT-RISP
B 8] 2003 2003 2004 2005 2006 2007 2007 2007 2009
MBRED RISC VLIW General General General VLIW General MIPS General
BRAXA %k DSP EXEK —#& E4 ot —# —% —% — &
TEHFEELFT R RFU RFU WAL BB RFU RFU RFU RFU Attached RFU
TEHRE LA Fi] # H ] Fii] H H *
EHHARE +H *H +A — B A — — Kt A —B A
#A L D D Address - D - - D D
REARERR d £ = 3 S Z & £ £
BAEHOR - B - b4 i) iip- - [ip-4 i5p4
P32 5331 £ £ * b3 -3 2 £ £ £
e 2t 1] H x H x H x H H H
HATEN & ZH FEF X#H X ZH b &4 XF X
BEFR %% BHE %% HHE BHE B A HHE E: &t BHE
KR w#H RFU F-a kS £ E3 & k3 £ kS ES
3 2.5 13.5 2. 96 1.29 3.8 1. 84 25 7.5 2
2.2 HEYWHBEAR A FOh RS R F B 4T 15 8 5 Bond™ Xf I A T 11

BEFFHATET 9006 LI_E BT B T AEFE R 29 1026 B4R
BERAHARTD L, RUBFO#RSRBIFNIE B E R
R B PATROR , AT R RECRAAMERE R T, X — WA
PO RERER . HFEAREA—FERRBERF ST
PR USRI BOR , RBIEARR I ZRE. Bh&H
B R AR BT AR AL

SHERHARR— N ERTRE 8 BRE TR I SR
Fi15 0 ABTR M EHRF ARG R R . R R2IL A
B4R FHE 1 A ARES . Lawt'™ 1 Sriraman'™ R B 15 45 10
BRSO BN 1 3 SR PR 6 B K B 7 P T P MO KA
RIS E 2 171R B ARAS X 2 R AU B SV SE L, (B R X R
FHEOEGFH LK. HREEHTIH, Yasu T RIS
SAMEEA RN —REREH T TR RKBRFETRER
Bond U T HIH i T 10 B AR BRFE A AL HIAT S AR M 4L
BARIFEITE. A A OEEBO TR RS AR A2
SHAHHTHE AR . Anderson"® 8 1f X1 1 H02% i SR AR
HEFEXIMMHEME B . Bond Al Kathryn™ 3£ 5584 B-
L BB R T R, RIEFITE B A B RBR R
B, AL XM T EREREREH IR, Amold M
Grove" "} T — M FMA RAF B A TR LR, B

« 32 o

b, i — AR T B TF4.
3 DSP-RISP i&it

DSP-RISP MiE R &4
DSP-RISP 783kt FPGA 23R, BRZEMInE 1 fimR.
MB# &, DSP-RISP 0l 434 3 AM8843: 1) A M f i A 2l
FABERS. TEARE TAHESE FERNTERAES
—EEALEENEAEAR. XV EEATTRED
DSP-RISP ) Skl FPATRF P RERES . D4AMK
AEWEEI . X4~ DSP-RISP i) 45 4 i & 43 »
BT RHRS REEMS RGBS AHS HEEOA
FTEMREF SR, RERERSEXRSWOEL, EHER
AR s B B S SR R RC B A R B, - T
EWEBNRE,; RS ATENER T, 8E—E
HIR AR AR BUE R SR TEMSI E Ty B
B Hl1E-S M ThREER M4, HEEW 5Th ek £ R B F 2 a i
FIMEEGENEETHELH, HEBOHTE—TTEH
REZ 55 A0 PR A% b AL SR M 8 7 =, (v EA R 3B 2h
MR EMTIRI I ER. 3D L FNES/BREELR
KOS, XWH>FETES HIMEHBE R AR5

3.1



BEOS5%7F,
FEIRERE
T T T T ] ]
[ EHEE Py FERLER ]
A
1
! BeaE REFE
! ¥4 5%
I o
: #a BE | RERA
! £ 2] FEC RMEAE e T
| L) LY S
] I 2 L )
; R | RERHE 1 g&
|
0 v =
REBH Lo e
epon L [TEEE Je N T RHET
———— s BHA — HE4

B 1 DSP-RISP iafkefy

3.2 DSP-RISP Hy3h 3 R Hr i
DSP-RISP ) R FIHT 85 B 76 BT TAE ST 8058 4 B 42
ARSI Bl b, Arnold-Grove( AT BiFR R A-G) okt
BN BB ARITE R FEA FRAS A E AL S
AR, HXRE 2 FiRl 3 FhREENUEH : (2 i il
SRAEEHLH] ;s (WDARHER) A-G REEDLE]; (o LAY A-G REEHL
#l. APHEMAREFNITLRE M HFNELRR
B 58 TRl R B 20 Bl B O B R R R L, BB AT R R
EBRIAT T REE
(a) 4:_imu - ﬁ ru *
(b) Trrm}wo«—:mmm&»——ymﬁmwwﬂ—»
() —Tmi———fﬂ-lﬂ-!——fﬁrl-l-ﬂ—-—;l-lﬂ—-——b
B 2 DSP-RISP fRAEHLEH

DSP-RISP 7 CHDPP f #5435 77 25 s ¥ 11 7 Timer_
Enable.AG_Enable F1 SAG_Enable 3 g5 #] Fik 3 fr
KEEDLHL PN FHEBRE AGRBEENRISH
{8 :N_SAMPLE, B} 45 41 B J8 3 P9 3017 B SR B R 3 N
STRIDE, BBy R # 22 [8] 8] [ B RBE ML BN 8. 4 2
(b)H1,N_SAMPLE % 4,N_STRIDE ¥ 2. [& AT
¥4 C_STRIDE #1 C_SAMPLE 4 Blisti+ 8¢ i sk Bcfn g4
T R 9 B AT B SRR SO TR

LAt B3R O A& 3BT ST AT , & Timer_Enable {§
SR WHATEA G i P R — K, UEFT A AT
BREHAER. T iaEE— gk, B EEE R T
K AT IR 58827 . & AG_Enable 555 %, ¥ #t17
AR A-G REE, B EHINF C_STRIDE WEEEHT N_
STRIDE, A%, M K%, WK C_STRIDE HEE R
SRAEEFF AT R BR A B RSN R R A — 1K, 74 C_STRIDE
#1 C_SAMPLE BB 1; %% | N_STRIDE >R #Hl&
FrE—K, Fmbk C_SAMPLE ffEin | B2 HMEHT N_
SAMPLE Bt , 8 1k R8¢ , S5 T — it hilf . # SAG_Ena-
ble B3, MAATRILE A-G Kb, B 5HRHER A-G REEZE
81, REFEFR SRR Z R AR VEIRI R, T 7ETT 46 RAE JG SR AT
N_SAMPLE %E#E, i@ 2(c B .

3.3 DSP-RISP gy T 85t
DSP-RISP f# i3 f it A AL BB B AT E18S, A

-

M EWEFIRERERESE. EMMBROPITIRE
3 L IniE 3 R .

R KT

B 3 DSP-RISP ) TAEMR

3.3.1 mAeHKX

X2 DSP-RISP IE# TAER MPITHRR . BF#S 4L
BBZE, BIEFRE AN R R XL HEBEERTTEN
Mg, ERETE 4, W B AL AR AT A R E 4R
A WK L & BB 58 O A SR vb , R W] A RS X L3
FTALER , AL B AR BT DA G SR AT G384

B EHIREF B AL BE T BB 76 5T RESI Je My 2t A7 T, LASE TR
LUFTERIES IR MINAEREIT. XBURTZIE ST
BB CAET EWRESI TR, FHRE, WEERITIES;
00, T BN 1A P S B B B RO C B , X T
HEHEFIHTERRBRTES.

KRS BEX MERX T4 TR, 7T LR
WEERGTRE . H{EEBCERIE S SRR TS &S S,
XEEA B TR RERNTFS.

3.3.2 #HHEX

AFEERT , B K4 40 8 AL BB B AT, P
FIRESIA TR, RAEETIHT 8RB R R R A5 BT
BB , ASCEEST R R $hAT W 2 A A SR SIAT . BRI T
fEJR3E S CHDPP A8l FIMTBEIMEFREBEEEHXE
BAFIREESEMEST. REREBIFEHENEIREEA
AbTR 2R E A BB B, LT R T 5 1 4 00 AR LA 4
BBt 4 R NERL. BB — RN AR
B A PEREE R it R A ST, LU HITE S M B RE 2R
L, R ER AT,

3.3.3 HEEX

XA PATE AR R A A BB BT R, BT A 48
A AR EE AL B AT, AT R T TheE. ERERNIS 3
At , DSP-RISP 217 FHRAKER, #17 REMH L. 1hATab3E
BMBGEPAT DB BT PITLENARE, FEEE
HEHEELE TRERS, REH AT LB ARE TR
K.
3.4 DSP-RISP By TH#igit

DSP-RISP AR TR EA REMKMG TR R,
LUK IR A R A FREF Z#HAE . B450THRER
DSP-RISP Byt T Hak i —Fh s HESR .

PR R fese it s 4773 5 7£ DSP-RISP 4

¢ 33



7, BeBt DSP-RISP TAEF ot 2B FIT R, R FIIT 8%
BEHT L BEAMARBEELGER, BRIERHESEFE
RE%. BAGEARBRBIHIA ERIESRFENE RE
LR HFNERRLSE IR SR FHX G R R4
ARBUSHERES TEEHHAFEATERRERSBER

o
ERRRG
(C/C+H)
R RS

<=
4

TERHRFE
i - TEREREE
+ wjmwm%g&m

HITHERER
EXad s

DSP-RISP

SHHRE ARREAL
v Y

B 4 DSP-RISP WEIE T A& RITHHER

AR T R SR AR B B S TR AUAS H I BT 52 W46 - 7T
BRI R, T RN R, LI B T — S M 2 HlTE S 0
B F AR ABOSERER; TEERHFHERESE
#6415 BSOS SRS LIRS 5 5L ER K
REMAXRIE S, SERGIRE RN EE 1, BB
At RE BB A T E RS W F SRR, TER
i B {5 BA AR IE E R4 S T8, S S AR, A RS2
BRE 64 XL B S BE R AR B B A 5 M A5 B, AT 48 R b
RGBSR

4 XREZRSWH

4.1 EENENERERR

SRAET] BE SRR BT AOME B, 0 7 BE DSP-RISP o i
A BRENRI R, AR R ERT T LR 4R
Wil 5 iR, B Base RARHIITREERINT, AG #1 SAG 4
BIZAARHER) A-G REEDLFI AR LA A-G REEHLE . ER
g S, B —MEFER N_STRIDE, )5 —MEFER N_
SAMPLE. SLIafiiFr#LEs3RE % AMD Athlon™ 1GHz 4b
BHEE, AR R 384MB, 52 B #5571 28 iy 4 38 8% T /R B S AR R By
1/1000; WX F R gee 4. 1. 0 JRAHATHI%, HH-03 4

converage

nat  route  test tl

5 RENHARIEIRER

B B 7~ , NetBench 2.8 57 B drr.nat. route F1 t1 25y
AR EAREIRRINREAENBAEE RS A # A
REDHIBIANERERE., STHAMILAM, SAG Rkt
HLHB RS RABET AG REEVLH; Rt , RREEE &K

¢ 34

ERRARRBURBIME RAR, ML F , SAG(32, 64) 18 5]
WL R BT, AR ERB R S A ARG —HRNE SR,
Meah, it S m &, 7E SAG(32, 64) R BEIR B T, CHDPP
TR (S B B RE B R Y TRt R ] LR R sk
1 6.4%,
4.2 BHREFTH

BT AR P B A R BRI SR MBS A R4
R Verilog iIB 5 LB T R AL AR, 38 i ModelSim {if B
B LG TR Synplify Pro 8. 0 SE BRI ES &4
¥ &) FPGA 84 % 8 ) Xilinx 24 7 Virtex2 & 51 &
XC2V500, 5 ARSI 2 Bigl.

F 2 REERHTRRR S AEL

ER%AE %8

Total LUTs 90

I/0 Register bits 43
BUFGP 1
Global Clock Buffers 1

1/O primitives 100
Register bits(no 1/Os) 65

E£RIE THEWESEAHEBNEET SRS T
AEBRRKOAR, ZAXEE T s SRR LR RS
B FEAFPIERAY AT A AL 5% DSP-RISP, X Mk B 454 . T
PERER DA B (8 P B sh S SRAERIATHLBI AT T 3R 4 A0
RIHA T THEEN TG T RSN —FHE S, EIEn
b XA BRI SRABEAL B FIAE 2 S BAR EIR  HEAT T ST X
RUSCED . SCIRAE R T A ERAR S A B AN S I

RERMG T A4 HIREL B X DSP-RISP 2 A % T
EEERENEW. T30 TE% S+ F 5t DSP-RISP T
BB

2 F X W

[1] Barat F, Lauwereins R, Reconfigurable instruction set proces-
sors:a survey[ A/ RSP 2000. Proceedings of 11th International
‘Workshop on Rapid System Prototyping[ C]J. 2000

[2] Keutzer K,Malik S,Newton A R. From ASIC to ASIP: the next
design discontinuity[ A] // Computer Design: VLSI in Computers
and Processors. Proceedings of 2002 IEEE International Confe-
rence on Computer Design: VLSI in Computers and Processors
[C]. 2002

[3] Beeck P O, Barat F, Jayapala M, et al. CRISP: A Template for
Reconfigurable Instruction Set Processors[ A]// FPL 2001. Pro-
ceedings of the 11th International Conference on Field-Program-
mable Logic and Applications{ CJ. 2001

[4] CampiF,Toma M,Lodi A,et al. A VLIW processor with recon-
figurable instruction set for embedded applications[ A] // ISSCC
2003. Proceeding of 2003 IEEE International Solid-State Circuits
Conference[ C]. 2003

[5] Igbal M A, Awan U S, Run-Time Reconfigurable Instruction Set
Processor design: RT-RISP[ A // IC4 2009. Proceeding of 2nd
International Conference on Computer, Control and Communica-
tion[ C]. 2009

[6] Vassiliadis S, Wong S, Gaydadjiev G, et al. The MOLEN poly-
morphic processor[]]. IEEE Transactions on Computers, 2004,
53(11):1363-1375



7]

(83

(9]

[10]

(11]

[12]

[13]

Barat F, Jayapala M, Vander T, et al. Low Power Coarse-
Grained Reconfigurable Instruction Set Processor[ AJ / FPL
2003. Proceeding of the 3th Intl, Conf. on Field Programmable
Logic and Applications[ CJ. 2003

Gatzka S, Hochberger C, The AMIDAR Class of Reconfigurable
Processors[ ] ]. Supercomput, 2005,32(2):163-181

Ferreira V M, Gauthier L, Kando T, et al. REDEFIS; a system
with a redefinable instruction set processor[ A7/ ICSD 2006.
Proceedings of the 19th Annual Symposium on Integrated Cir-
cuits and Systems Design[C]. Ouro Preto: ACM, 2006:14-19
Ur R A, Syed A A, Igbal M A, Intelligent Reconfigurable In-
struction Set Processor (IRISP) Design[ A/ INMIC 2007, Pro-
ceeding of 2007 IEEE Internationa Multitopic Conference[C].
2007

Vassiliadis N, Theodoridis G, Nikolaidis S. The ARISE Recon-
figurable Instruction Set Extensions Framework[ A7 // IC-SA-
MOS 2007. Proceeding of International Conference on Embed-
ded Computer Systems: Architectures, Modeling and Simulation
[C]. 2007

Law J, Rothermel G, Whole program Path-Based dynamic im-
pact analysis[ A]//Proceedings of the 25th International Confer-
ence on Software Engineering [ C]. IEEE Computer Society:
Portland Oregon, 2003:308-318

Sriraman T, Zhang X, Rajiv G. Extending path profiling across

[14]

[15]

[16]

(17]

[18]

L19]

[20]

loop backedges and procedure boundaries[ A]//CGO 2004. Pro-
ceedings of International Symposium on Code Generation and
Optimization[ C]. 2004

Yasue T, Suganuma T, Komatsu H, et al. An efficient online
path profiling framework for Java just-in-time compilers[ AJ/
PACT 2003. Proceeding of 12th International Conference on
Parallel Architectures and Compilation Techniques{ CJ. 2003
Bond M D, McKinley K S, Practical path profiling for dynamic
optimizers[ A]// CGO 2005. Proceeding of International Sympo-
sium on Code Generation and Optimization[C]. 2005

Anderson ] M, Berc L M, Dean J, et al. Continuous profiling:
where have all the cycles gone? [J]. ACM Transactions on
Computer Systems, 1997,15(4) :357-390

Arnold M, Grove D. Collecting and exploiting high-accuracy call
graph profiles in virtual machines[ A/ CGO 2005. Proceeding
of International Symposium on Code Generation and Optimiza-
tion[CJ. 2005

Bond M D, McKinley K S, Continuous path and edge profiling
[A]1//MICRO-38. Proceedings of 38th Annual IEEE/ACM In-
ternational Symposium on Microarchitecture[ C]., 2005

KER, ARE, 40, F. TRE N B2 S0
BT RETR 58 THR,2009,31(9) : 2254-2259
&N, BETHERSEN BN BSENLBRARARIDL.
AL P ERE AR K, 2008

(L#F 770

[64]

[65]

[66]

[67]

[68]

[69]

L70]

[71]

Jotsov V, Emotion-Aware Education and Research Systems [J.
Issue s in Informing Science and Information Technology,2009,
6:779-794

Wilson B C, Shrock S, Contributing to success in an introductory
computer science course; a study of twelve factors [JJ]. ACM
SIGCSE Bulletin,2001,33(1):184-188

Besie C,et al. An Examination of Age,Race,and Sex as Predic-
tors of Success in the First Programming Course [J]. Journal of
Informatics Education Research,2003,5:51-64

Rountree N, et al. Interacting factors that predict success and
failure in a CS1 course[R]. Working group reports from ITiICSE
on Innovation and technology in computer science education.
Leeds, United Kingdom, ACM Press, 2004

Rountree N, et al. Predictors For success in studying CS[C]//
Proceedings of the 35th SIGCSE Technical Symposium on Com-
puter Science Education. Norfolk, Virginia, USA: ACM Press,
2004

Lister R, et al. A Multi-National Study of Reading and Tracing
Skills in Novice Programmers[ R]. Working group reports from
ITiCSE on Innovation and technology in computer science edu-
cation. New York: ACM, 2004;119-150

Fincher S, et al. Programmed to succeed? a multi-national, multi
institutional study of introductory programming courses[ R].
Computing Laboratory Technical Report 105, C. University of
Kent, UK, 2005

Raadt M D, et al. Approaches to learning in computer program-
ming students and their effect on success[J]. Higher Education

in a changing world; Research and Development in Higher Edu-

L72]

(73]

[74]

[75]

[76]

L77]

{78]

[79]

{80]

cation, 2005,28:407-414

Simon, Cutts Q, Fincher S, et al. The ability to articulate strategy
as a predictor of programming skill[C]BProc Eighth Australa-
sian Computing Education Conference. Australia, 2006:181-188

Tolhurst D, et al. Do map drawing styles of novice programmers
predict success in programming? A multi-national , multi-institu-
tional study[ C] // Proc Eighth Australasian Computing Educa-
tion Conference. Australia,2006:213-222

Wray S. SQ Minus EQ can Predict Programming Aptitude[ C]/
PPIG’07. 2007 ; 243~254

Simon, et al. Predictors of success in a first programming course
[C] // Eighth Australasian Computing Education Conference,

Hobart, 2006 :189-196

Jones S, Burnett G. Spatial Ability and Learning to Program[C] //
PPIG’07. 2007:229-242

Ivins J, Ong M P-S, Psychometric Assessment of Computing
Undergraduates [C]//17th Workshop of the Psychology of Pro-
gramming Interest Group. Sussex University, June 2005; 305~
319

Swanson L H. Influence of metacognitive knowledge and apti-
tude on problem solving[J]. Journal of Educational Psychology,
1990,82.:306-314

Plonka L, Segal J, Sharp H, et al. Collaboration in Pair Program-
ming; Driving and Switching [J]. Lecture Notes in Business In-
formation Processing,2011,77(1) :43-59

Huang Fu-qun, Liu Bin, Systematically Improving Software Re-
liability ; Considering Human Errors of Software Practitioners
[C1//Psychology of Programming Interest Group Annual Con-
ference 2011. Doctoral Consortium, 2001

0350



