RARREBESEEIHEESE - HEE
(Vitualization) ~ B8 1T (Load Balancing) &£
HEFUERMNERNRE > £ 2 30 FRIFER
£ o BIENHwMIE T E B 2 FATEEE (Parallel
Simulation) » R ZH T E# AR B BE IS4
(Discrete Event) - fEEE A LR TR T
I o

FTEREBEANHEER @ F2EtEHEL
FEEE—ERR - RIEWEWRA - HEREE o 5
203 10 BRETEMEE —(E R H7E 100 DHEA N
Bt ELEFTE MBS E AR R AR R R S
(Event) » AL E WA - BWREBRENE » WIELEE
B2 o AN HRES - HRANKEES °

1980 FRMBE—RIKERFTE - T 5H
BE . MREEIAL 100 HEEREE - TR0
£—E 10 EHE—EBSER&ESE; 2@ 10
DEHSEERETEMER 0 DI EE - FTEstE
BEATERER > Bl BATEZEMUE AR - B
2T ERE - BB 10 2ENER
IKFFeREEI2KR - BTN BB RE R - BOiE(E
75= M 4E Time-Division Algorithm @ Z¥3R H ACM
Transactions on Modeling and Computer Simulation
EEMENRIET) - BXEE -

ERDBERBERNAR  BEEEREX
42 /B Time-Partitioning Algorithm ° 2 HiEHE
WABZER o IRIVEFETERIRMAIEE 10 HiE
B BETMAIREARRE - NIt EE — SRSt E M BEIEME
HEREE 8 10 D8 - EEPHE —LBEHEm
ANTELEERHA o

X/ M—F RRBEHER

ESEEAT LIER > 3= A Time-Division
Algorithm ZRIE #E B (5 X R BE - BHRINE
HEANENER  2EALRAERES EARERE
AN —E o flanstH—1E 20 mAA - A
SRR MBAE 30 EEFHIANL ( BB PR B Edn Al
fe 4t ) o 75 (R R D 20-30 5% & 30-40 B &
AME SABB? HEIKEHT (Charles John
Huffam Dickens ; 1812~1870) 1 /NRAT#R) (A
Christmas Carol) 7= 28/1\3% » B B Time-Division
Algorithm ¥ 3 £ Scoorge B —4 [RIRIEH#E » AE
RS E D ERIAR Scoorge & ©

MR RPN BERREEME TR
A ) BEZER - I 20 FEIA— ks & 455
#* (David Jefferson) BL2UN It o BEEEREARE (E
M EEFEBRERER WREE THE, AT
AR TRBHERE ) 0 RMMERE o fi1E UCLA
& A SERIZIS (Tenured Associate Professor)
BEA 0 FTEFEESHFIE © "Jason, | fxxking left
UCLA. ; ERM—HAZARERTIE  BE—K
NRIITEFEM o

BRI Y —RBRSROFEITEE S
W ftg Time Warp @ R A IEIBEIRMER (R
48 Len Klenirock #F R MBI B HBE A F5E ) ©
Time Warp YT EMA G - ZFEELE (&
MEBROEMERER ) - & — 8Bt EHZIREE
SEEF > BLASRFREIEIR - WEUE (undo) BRI
B o BERERMERERIEZEE A0 o (thE
AT EWES - BT AT A& (Artificial Life) A9
R W EEAERT -

H—F LZAREREHIR

RRBAREBE T RERGBEERIREENRSE
TR - BAERERRE + & ACM Fellow ~ IEEE
Fellow ~ AAAS Fellow & IET Fellow o A 3% 6 i
RERE ~ ITERTE AAGER > BRE—EY
BREARSR oTtalk » EREANEEERE - §EH
B FEREFEE /5 - BilBZT SHE
fir ~da= ~BIF > BENREREAXEBFHE
E8 <AXE> < KIBRR > ©

Recently, everyone has been making a lot of noise
about cloud computing, virtualization, load balancing
and so on. In fact, the basic principles of these
technologies have been in development for the past
two or three decades. For example, the topic of my
doctoral dissertation was Parallel Simulation, using
multiple computers to simulate discrete events; as a
result of that, | put great efforts into load balancing.

The most critical issue in parallel simulation was
the extreme difficulty to simulate a phenomenon
by massively coordinating computers together. For
example, if 10 computers are used to simulate the
changes of a system within 100 minutes, these
computers must simulate events in the order of
occurrence. Therefore, they must coordinate to avoid
simulating the later event in advance. Our research
showed that the cost of coordination was very high.

One day in 1980s, | got a fanciful idea that led to
an alternative thought. If | cut the aforementioned
100-minute simulation into ten pieces, the first 10
minutes will be simulated by the first computer, the
second 10 minutes will be simulated by the second
computer, and so on. If all computers are simulated
in parallel, there would be no need to coordinate
with each other. After all of them have completed
the calculation, all the 10-minute results are serially
connected in order to complete the entire simulation
program. | called this method Time-Division Algorithm,
which was published in the first issue of ACM
Transactions on Modeling and Computer Simulation
and attracted much attention.

A number of scholars have continued my research,
renaming the method to Time-Partitioning Algorithm.
This method is actually not easy to use. You must first
predict the state of the system at the 10th minute, so
that the second computer can correctly simulate the
second 10 minutes. There are several mathematical
theories involved, which are not explained here.

When | was working for a telephone company, |
used the Time-Division Algorithm to simulate the
performance of telecommunication switches. Later,
| got a little carried away and wondered if | could
leverage the same method to quickly simulate a
person’s life. For example, for a 20-year-old adult, let's
first assume his condition by the age of 30 (provided
by a fortune teller in Kansai), and then simultaneously

simulate what happens to him between 20 and
30 years old as well as between 30 and 40 years
old. Isn’t it amusing? In Christmas Carol, Charles
John Huffam Dickens (1812~1870) used the Time-
Division Algorithm concept to quickly simulate the life
of the protagonist Scrooge, and later the Ghosts of
Christmas showed Scrooge the moments in his past,
present, and future.

Those who do simulation research can't help but
taste the forbidden fruit of “life simulation”. It was just
the case with David Jefferson, a good friend of mine
who | first met 30 years ago. Jefferson has a strong
personality. He likes to drive sports car at high speed
and is good at using swear words. | learned most
of “American slang” from him. Not long after he was
promoted to tenured associate professor at UCLA,
he called me and said, “Jason, | fxxking left UCLA.” It
turned out that he decided to change his career once
he was promoted, and went to a company to play
around with his ideas.

Jefferson invented a special parallel simulation
mechanism called Time Warp, which means
virtual time can be rolled back (but Len Klenirock
seemed to have come up with a similar method
independently). The computers in Time Warp
simulation don't coordinate with each other and run
in an un-preconfigured manner (which is very similar
to Jefferson's personality). When a computer detects
that it has gone too far, it rewinds time and cancels
(undo) the events that were simulated ahead of time.
Jefferson-the-geek later thought of life simulation and
broke into the biological field by simulating Artificial
Life, which didn’t surprise me at all.
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