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Progress in Quantum Computing and Its Impact on Research and

Education

Tzyh-Jong Tam
One Brookings Drive, Campus Box 1040
Washington University
St. Louis, Missouri, 63130 USA
Tel: (314) 935-6037, Fax: (314) 935-6121, e-mail: tarn@ wurobot.wustl.edu

Abstract: In the last few decades, a silent revolution is taking place. The exponential
growth in microelectronic processing power has been achieved by ever decreasing the
size of integrated circuits. These circuits which integrate electrical, mechanical, and
sometimes optical devices, have evolved from silicon revolution. It replaced big complex,
costly systems with small, affordable, high performance microsystems. Microsystems
are expected to further enable silicon chips to sense, "think”, act, and communicate. In
essence, to become intelligent machines.

Structures of current microsystems are approaching fundamental limits and the next
generation of devices might show unexpected properties due to quantum effects and
fluctuations. A new research field is developing in which we pursue understanding of
basic physics associated with such quantum structures, explore their controllability, and
propose new devices.

This talk will begin with a summary of engineering problem solving and proceed to
discuss the impact of technology on the development of newly emerging discipline of
soft computing and computational intelligence. Following an introduction of the
historical development of the optical communication system-the photo phone, the
evolution of quantum computing will be discussed. The difference between quantum
mechanical systems and classical systems will be pointed out and the impact on the future
engineering research and education will be discussed.

Outline:

We give below the outline of the presentation:

Design of intelligent systems is intimately
connected to the availability of high
technology

Engineering problem solving:

e Three kinds of engineering problems

1. Analysis: given an input and a system, to
find the output. .

2. Synthesis: given an input and an output, to
find the systems.

3. Control: given a system and an output, to
find the input.

To solve the above problems, we assume-
select-derive a model: a description of a
causal chain linking inputs to outputs.

o C(Classical problem solving entails
improving the model until the inputs are
satisfactorily mapped to the outputs.

» In the process the engineers gain a better
understanding or insight into the way the
system works.



* But this approach fails when the system is

very complex, nonlinear or insufficiently
known or understood.

New approaches to engineering problem
solving make do WITHOUT CAUSAL
MODELS. They use “black magic” instead.

* These methods (paradigms) substitute
intensive computations for insight into
how the system works.

* They provide solutions in the form of
“black box™ algorithms, and they work
very well in many instances.

* These approaches arose separately and
were long shunned by classical system and
control theorists, but now they are widely
respected.

The newly-emerging discipline of SOFT
COMPUTING COMPUTATIONAL
INTELLIGENCE

unifies and provides an umbrella for these and
similar revolutionary methods

MAJOR SUCCESSES:

*  Fuzzy Systems: Automatic Control

» Artificial Neural Nets: Analysis — Pattern
Recognition

*  Genetic Algorithms: Synthesis—
Optimization

INFLUENCE OF TECHNOLOGY ON

PROBLEM SOLVING

* Pre-1950 No automatic computers

1. Semiconductor technology and the field of
optoelectronics

2. Theory on generalized observables—
positive operator-valued measures

* In particular:

1. The first laser was operated by Theodore
Maiman in 1960 at the Hughes Aircraft
Company.

Analytical Solutions using linearized
models

* Post-1950 Increasingly powerful analog
" & digital computers

Numerical solutions using nonlinear
models

* Post-1970 On-line digital computers

Interactive computing

¢ Post-1980
memory

Sharp reduction in cost of

Artificial intelligence
Logic programming

* Post-1990
cycles

Sharp reduction in cost of

Soft computing

* Post 2000 Teraflop Computers
Molecular - Quantum - Computing

Where do we go from here  77?
Evolution of Quantum Computing

* A. G. Bell invented the photophone in
1880.

« In 1921, Bell said “The Ohotophone was
even more important than the invention for
which he is best remembered, the
telephone”.

» Since 1960, the following advances have
been made: .

2. In 1968, K. C. Kao of Standard
Telecommunications  Laboratories  in
Britain found low loss fiber glass.

3. E. B. Davies and J. T. Lewis, “An
operational  approach to  quantum
probability”, 1970.

e April 28, 1998, NY Times

“Quantum Computing Is Becoming More Than
Just a Good Idea”

e April 30, 1998, Herald Tribune
“Quantum Computing Takes a Quantum Leap”



+ IBM, MIT, UC Berkeley, U. Oxford

Succeeded in building the first working
computers based on the

“Principles of Quantum Mechanics”

* “The Processor consisted of atoms of
hydrogen and chlorine in the cloroform,
and used it to sort an unordered list of
items”.

o July 14, 1999, USA Today
“Beyond the PC: Atomic QC Quantum

Computers could be a billion times faster
than Pentium II1.”

Modelling of Quantum Control Systems:

Enabling Technology

¢  (Classical Mechanics

Determine the position of a particle at any time,
x(t) — a trajectory. To determine x(t), using
Newton’s second law.

¢ Quantum Mechanics:
Looking for a wave function of a particle by

solving the Schrodinger Equation.  The
solution gives the probability amplitude of

finding a particle in space.

e Control: Discrete Bond States and
Continuum States

* Sensing: Quantum Nondemonition

Measurement
Directions for Future Research
Conclusion
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The Contemporary Integrated Manufacturing System of Gold Mine
Enterprise Based on the ERP/MES/PCS Frame

CHAI Tianyou
(Research Center of Automation, Northeastern University, Shenyang, 110004)

ABSTRACT: By introducing the three level architecture of Enterprise Resource Planning/Manufacturing
Executive System/Process Control System of three level in stead of the Purdue model of five level, the
Liaoning Paishanlou Gold Mine CIMS is designed and successfully implemented. The information current,

material current and value current in the gold mine enterprise has been optimally integrated and the process in

production and management has been optimally controlled and supervised.
KEYWORDS: CIMS; ore dressing processes; grinding circuit

1 W=

BT CIMS BEARZIREXBEIRNREE
B, BFIANXERFNEARERARRTR. B
frEELHRELVBFHFEEK. AlbbiksE
ERBERHRARCEER TR CIMS HRBT
BEENSHXAE. HBRI CIMS XHWME 1 FF
7RE9 Purdue #%Y [3,4,58,12], HHETL I CIMS
KREWS BT, TBRRA. £EFREE.
LA EEMEFRELNER, HEFIENE
HEEBHESTF, BPRTEFLEFEOYFE.
RERRENINEHSERE, BRE, 808
7%, H CIMS BEH, FEERFEER, &
FIF4Hr: s, BRELEESPETHES
RELE It AT, BRARTRRERTZ

BERkfEH iR Rz, BnraREE,
REEE ERER, FHEEFRENE
—BTHE, nAREREETRERAIRELY
R R R A

/é;;é\ BER DURK. EEM

/RUBE \ BNE. #H. M&. Wi, §8%
//fiFmﬁ \ £IB: £70E. RER4
ABRE  \ 2-B. %aRs. 48Rk
/ HEBH N\ g-p srogu. meps
EEd B

TEBRELEN
B 1 RE&REHN Purdue A




AXEERBRESEFTUMELR, REH
mE 2 AR RFERTIEERSE (ERP) /£
ERITRE (MES) /BEHARL (PCS) =4
EREHR6TNATEY ik, RHAREK
HERG, HRINATITAFLEST, B

ERP
(Enterprise Resource Planning)

MES
(Manufacturing Execution System)

PCS
(Process Control System)

AEENARK.
2. &5 IIER

21§18

ST HMEFIR BT NGy Al X
BRAVRATFERSE, B IBRXALERL
—REERETZ, TRHEF . BY . KE.
BERMURRSTFAR. XPERIFXA
ZRER-ABRRE, BV IFXARARETH
HBmE, RETFRALERL—REERS,
ZEEERR. HEAIRAIESREEHSEE
Bk, EETZREWA 3 k.

H 2 SHIESEH
X AR RER TALH
(R { |
B9E—- =5 By Wk B G H
E s
RE — H2 B HERE $EE
t
e
bR ER Ry
M3 B TEHER
2l EeRNETE

BEWEANARSET B THEASRNMEES
LERA#ZENFI L EEETTAEETRRA
FIAENTIHEFN, BEFRTREST 0E
BREABKEREERE, PUNERSRA
MAREBER, FROKR. S ITHEREX,
HRBOBHBERE, BTELREBRENESR
RIS RRE, XERFRHTRENERR
|EEFH QBT ST, TRTARA. M.
YRFNEERR, FRITE=RENTH. &

5%, NARERIEETEFHNRBRERRE
17, ‘

SV EEWEHITNERREEETA:
THRSRLUEENREER, HERRBRET
REE, MHEFEERE. BEAMALES,
hit, RERGHAZSESEASYDE. £
Pt FEEFTR. AENERTENRE. £
PRI R AT E B NRER O, TEAL.
B, . REISRE, R ERERRN
BEEFE T RIFYR BRI EFESFTE.



ErElE. EFRITEIhE. KNEFLETEL
Wt . . RESNN: AREF EMHE.
BE. EREHFNUNEIRE, REFBLRE
afk. RERETHE. REL. RWRFES
. REPETRORETR . HMEE RN
MHEE. YRUENETREFTESRE. 2
BRAEEARST NEECRACEFRENE

FHRMF HEEIEE.
3 & LVARERFIERESH
3.1 Bk

% F ERP/MES/PCS =BIELR, &4 £
WEhR, B#EBEARSAREERER. £&#N
AT EEREE S, RUTWE 4 Fir

ARSI R AN ARG,

B, BEAKSLE. RALK. BEET. M
l'_".I':::_'.'.':_":::::::_"::_"::::%%:ﬁ:&%ﬁ:ﬁ:@:::::::::_.':"'::":..'"::!
| U FEHEERE (ERP) bl
: SAEBEANSRBRR ~——
| i L prea | | wnsaes |
: MEEE| | ¥R RAuN HE
a T HE
5 Ty | —
L[ zwn [ amitn [enin | srpain | [maveeall |
U (e [ | mnnw | srpaew | | setm |||
| | | | W | S 5% I +
=3 AN S SN AN S I %
I R H #
; ‘___..__ ] m
5;} @ RREE SRR LLEH E; ...... %5
'3 ] i i} %
2 EFENBABLERYE i %
L ﬁ -
i g . A ———— e
| RE||#|| merum || wewe || soem eme |l &
| & gg Rl |ewrsg || o6TRy || EneeuTie |l ®
BN E N EVEREHER i
E H _______ BERMRY i

1 ————1

R EEER —BF | BF  KE RHUER  SEUSEIFECEE Re

B4 STRRERBEREBREH

7



RGBT REEMK:

W FEFTRIEERY ERP RAUMES
P REAZOCHNBERRERRUER, RETS
HRIEE CRRIVR. &R, ORER
R, RETREEE) , MEHEE (LTHEE.
REZE) - N\EEE. BREE. BER™
EE. FHEHE. YEUNEENEERERE
HWEHBIREETRA.

EFERITRY MES XKBGEEEIRNE
AT RRAET. RAEHESRLER
BR, AETHULEFRESEFIERES
H5 o HTE. EFIBEREEKESE
., HMAUXRERER. BRI, REEE.
REEE. RBEE (LR) FFRL.

TREPHRL PCS RALHBHEANMLL
FEREREMIZERN BHFHERILAZHR
REBEXY . By . By . RE. SHBRK.
HEMRTERE. By ERSIERZHTRES
ST EFIESZHEGRBRR: TETRIEYT
AL ERNEREH. BT EAEREH
e, HABREANRBRUIFOANKEREDY
g8, JExiERHIERHTNARE, BRI
i REM T ZEKR.

W RERFRSE. HEIRENEEEL
BT BN AL, BT MES FIXHARSEK
BT LABN D RLEURBFRESREN S
FERER, URABLIREGXE.

3.2 ThREHIAR
3.2.1 PCS ThkkE

BAEBBHESUGEETHERIBRNE
BeRE T ST XANERET £~ T

ERAR, WHTEFXBZRIOEEAR, &7
EFTEZRAERTL—RERE. REKRE.
BELTRBREMN. LEESRERE. BT E
BETRAEFLRGSRNOTHRERE S, #Bi
TEyIBERAREEHER, BYHESH
. FURBTHRAURSHBEZHER, KE
MRERMHEERRESEAR, By IETLETER.
By IRE. BMAKRE. Ry RKPH{E. REH
FEEE. RAKRESZEHERNEENEE
SEPHEHIEAR, &£ IR RABEREA,
HEELH . BIFEFTRREARAR, EIC (85,
FR HEH =8 BNEBRES R
KEBBT AR, LI AERPTR &Y PCS.

PCS EELUS HEHEHBHRELLE
B, REERASNRRALERSEABBRYL.
B TSR HIEESRT R . B
F.ORE. BEBH. BERTHER. BT E
EETFIBRRHTFRENER, TERRS
AR EOEESS . AR uEEs
SREMBI. BiE. EY. BEDE. ®8E
RERESIE) MEHSH GUKE. WA
B, B, KA. BE. pH HESTESHM
K. THET. RESE . HHBEA
RBEAFHANTERE, RASHENS
BEK, TRAMLEROTFRUASHENL
#AK.
RABERHBERR T IBUREEE
tRAY TRLBUBESERE. BB
fem TIRBHAKER . HEL RN RELER
K. BTRBIAERERPRERHETT
B, BRETAHIR, BRELRETIER
T RS MEIRERH R S S sl 5es,
HWELHERREERNEERNRE TR,



BTETRERSERRY SBBERLET
RELBRRELIR, BFRERERN EENME
H, EXREABENLIREL, RERKES.
. RALELT.

322 ERP 5 MES i

RESF NAETSEEERBNASNY
R, SR AR 55 53 #7 SR SR A B B BB 4K B IR
AR R&F 3¢ ERP, RIEASNV KB
RERFRBERNZISHE. EHALINEBRKX
HHRBRERLESERREIFZAR, ERP
WRITEFRAURIESYT SUAEERA B
b, BITHRBEN TR, UERVETERHN
RA KA THRLE. THEHE: LW,
YETRR. AR REHR. HER
TRl FETRL. MERERMA SRR TR
%, A B wERRER™. Bt
HENRNELITHERN. €EMR. 44,
BEHARE, FENELTLETHREFR
RO REAH. BLBREBEESRHEILR T
R RRMEN. ERHE. EFEESNR
B FBIREEL. HEr, XERKR
B R SRR O AMER, RELLES
M.

RAYREHSEE. £ IRREEHS
B8, REURSER. £EFRENETST
EANMERARERERELT MEFLIEER
HBARANES, PTREY MES. LAHE
o EARMEFTEERIRAET . BT
HERIFBRARR MES LMBOER, LA
BAELSRANTE . BHNRMEE, UBK
EERARR PO, REEPERIRAETT:
Ll g BMRLEE. S—1RE, U
FRAEF=IRIE R0, ARIEA P RIS

ULBRAESLBRE R, RelE, Uk
BREREEG AN RZRRRRER, RIEL
R EORAEE. MES RHBIRESERR
GESHMBRBBRII=EY KR, RAH
EFREFRHKEL, IRBPFXK, HF
BB RERNTERETR, BRRAEXRTE
75 RERY LR, BERT RE. MES
By EFIBERER, WAETSH. £
FRE. YETE. £FRE. RE. ARF
HATCHEHE.

33 MRLTHRE

FRUEYBEHRAES, UARERKIEN
ERP/MES/PCS =4 & i 8 TV A HIE
REMERBARY ERP 4 R4 MES 4 REH
PCS # &%, BEMENPEES RALRLE
oo, AFEE. ARSHOBAER, AT “5E
e, BABEE—FULKTE, RESLEFR
£, ZREHMERABRALE:

LIRFAT TR EFEE. £74800. &
PR EERRENEFRE—FRNERLES
ERRMEES, SMEFAR (BT ERP). £
&8 (RT MES). £ (BT PCS) M=
GEPEE RS B, BB RIBITAY,
RIAEF W T RIKME, WRERALZNR
A, BUAECSREHEE, LREFFEBHR
B HEFREBERNEREXSE.

2MEVR. EFREWREEFRENE
BHARZUREFLREBRELRER. RE
EPERARENE, Bl BARRANSHR. FE.
LHEHBRN, BIYAEFRF AR BREE L,
WA & SHEAR LAY, R RATEERH
HHEAY, BAREHTRISER.



MREBFE-FLENERER BRENSH
AEHE. MEEE. HFEE. RERB. &4
. DCS RUMULBREEITEBEM, MR
RERREQMAEIT. WILERALLERE,
REWMBBLT, AEFRUEEE HORERE;

4.LAME BRIDAE B HRER, TRERE
BENDREFETR, FRIUER[IGEENZ
OREMEF2EFRREEASHERHR
#, AMBRESFRUASVERIFTE, ®
ErRESETE BRI, ETRRNEENL
TE, NEERFAIMEFSEEESRE
HREH SHR.

5.8 T IEALA B T RE ML E AR S
AXERSHHRNRERMERE, A=
BEHMYBRE, REEBEBLSHERMK
MXHTE, SARBNICRETLREER, &
AT A BRI BN B R E, ZRFE
FREEBNA RS R FNE SRR
5k,

¥ ERP/MES/PCS =ZERZHMNA T &5F
MARMRFE RS, Bid MES & LB TERAR
HENMESHIBERAL, EH ERP.
MES. PCS. ®MMBHRAKRB. MES #
AETBERHEXER. SEFEARURE
C EEEEARTAR. FRAMTAHE. B
T ERP M4t MES RIAEFRE. £%4%
HEAHTA PCS AR PR EUR Sort AR HIH
A ERP MERERRAE R, MES ME~Y
BRAZESEH. PCS HAESERNME.
SRR EE SR LT REMMA: ERP HIYHT
KitR. MES M4 dRBYEFd. PCS 4
Feit Ytk W BB LR SRR KA ERP
MmEEREE. MES HERE&ERE. PCS MR

10

FMBHEM: ERP KIRT £ R]. MES
Ry A RE (FARK. FER8E) . X
BRMAKREHRITE . PCS KPR ERE
SERRERER. ZRBETAHZETR, 7
U EFL2ELENYR . EFIBRE. &’
£ B RIBAT RSN M RBEE, KKRE
TEFRAE, BAETESSEERE.

HENZ RGN EINEEEENS
R EHIR; B EREMEI ERP &N TER
2z EHE SR, B EZEHMEHE PCS
AL LIRSS TFRAVNER: EERSIRE
HIRAEER I T PCS A ERP B & K.
FRXABETM, BLZHRIEH 100M &
EUKZ®RN, ETFRAELZRILER 10M
AZ®M, AFRENTTY RiE. BERSE
LIRS A Windows NT {EARMEEER4E
4.

BRERAZCELBEENXRULE
FE, %M SQL Server A X HBIBETERLA,
ATHRZ/MEBONARK. BXAF
BEEELERR, TRTREEEENHRE
PERILEFERYFE

KA TET Browser/Web Server/DB Server =
BEHARER Internet/Intranet HAMMBSE, B
ATETEURBERE BERACUFESR
SV EFLEAKF. £ARBEREFESY
ABERTRENERAEREMELER, WA
Fe S B FER—&, EERTFRSNE
$hRR, EDI REMTE, &V HBEEET Intemet
HTMEHHARBEE. DHREWLES, £
BB E, Mo EEE R,



