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(218 3 AE +US A ALY Clojfsise] §#28]

718 whetr Q. Sterman(2000)2 ‘2@ H o EAHL 7 oA EAHES
o st ti-gate Aol oty AlAHe JZ2E olF 1 v TEE HHELEA
TAE AAsE Aolth."gtn FAsH AlF oEF FxF £4& A A2
goelyg s BdE& HEsA Algste AL Ay FHAAM 8 £ USES AlAE
sta o

& AFE oleld AHAAM g4 I8 Fo9 T £ ELF ol dAdEHE
AHHT Qg £3 HAUS AHE AlA"E golugs ¥ E(Forrester 1961

Goodman 1989; Richardson and Pugh 1981; Sterman 2000)el <
AlEdoeld BEdE TS UY gl glo] ved & e 5 B
of thaled FEfE < Alzbeld 1 P hkE AAELY] HstEEA 1Y o5 A

g2 9% A2Y doliys B8 Y4 AN Bz A

I. ol&3 n&

(Bechet et al, 1987; Milkovich et al, 1972; Gatewood et al, 1983) ¢1& #H*A 37
2 AT =AY Agden A &7 Wy, a8 Jo %E Y B 58] 3
2 8 FHAHI mdo] AAFHtHKahalas et al, 1974, Price, 1977, Welling
1977). Folngx 9™ Afe TR AFHE A, A, 287 FEY o
Ak z7AstAM BT Ade v Y £ E HHoR FFAF7] A F4
(inflow), A F(stock), F+Z(outflow)2 FAH & HAZHA ZZA LM FQ AHH
TE J¥Ee gddxoz vk Ao s

ntEE £ 713 (Markov Analysis)2 ol¢t & U Age HHE G437
A shte] A JIHezA 60dd 2715RH AdE &= it via
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B AdMarkov Chain) &4 dxe Z+ AFE(FeHE) 98 7EE & 7
71 Zke] °’°V‘]—°4 Ay HFAHE, dlx, Zd HY, AFE F) AHEe dElME dF
ok A 71A U}:Tit‘ Aol vlZ o Azd(event)ol] 93] A F&ol
= 48 AEEES AR A olEF AL VgL sHdn 2F
A e AMHE Z1gEte RS 9ulety vg Alde §8S
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e X

d

2 Z ZH(state)o] diFd ZA71H B &, 5 ¢H LH
(equiibrium)& & & Uohe Holth AY Aol vizr B4 7|HE& S&F oAdE
< FE JI9A Boe AL AR 23 del HE8 AEo ol HEHAAY
(Kalamatianou et al, 1987, Stewman, 1978; Trivedi et al, 1987; Zanakis et al
1980). vt vtz AQe] FAA Egdel AFEA olv] 30de] FUEAE
BT 71 A9 o] Robe 2g¥ Atele oA #A gttt ol& wiEHE
oA vtaB Hol&&(Markov transition probabilities)S A stcta 714 =)
WEoiw 4 Agel oA Mol FEgL WHEA AY Ho] I T dF F
Ad A2 He 9 FHE FA=o dvde FF BT AL giok(A A
%, 1995).

('2‘.‘4 o,

S, QY 4£Q2E o=y % e MY ATSo] nIT A = (Bureau
of Labor Statistics, BLS)®] AAZARHE & A&t itk AXNAARFE LS ZA A

ke AwslE AXNAA 2E B <oy Qe U $28 2AHE QS
YHELE 9 oF BF BRaMu =AM ddaA 28Hn JtHAGE 9,
2001; Z A4, 1991 ¥HA R, 2002; A4, 19915 $3]d, 1996, Ff4 9, 1993, 2&

, 1993). W] EEATLS o]AF AAAA R ZAGG g, AP, 3@
2 gon LEEAZY Aa: AY 3B5d7 Aﬂig Az 9} A
4 2 A EF W, REAA EAF 29U WAE B sEH
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Fdel UF Bye AALARS Hurl WAool B Y ol WYE
2 HZT FARHE A A A AN SR JP5H 49 P Ao Y
EARES FEAA @7 Bl Be A ZABo] FAW a4 gABTol
neid Syl glo TR W5 SHUH 4348T A9 NEue 9
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fH F Bl A (ubiquitous)y 9 o1ge FATTG T ojdely ExTE onlE
717 g2 R FA EoloM s fulFE A 7 7% (ubiquitous computing)ol vt
el A E A W EY 3 (ubiquitous network) 53 2L FHlAHZ3E H3 v M=
€ ZAEFA 43 fyddES =9sted AHSEH I AT EHE T ¢, 2002; &
AAFAATY, 2002; A7 9, 2003). FHIHEA FE3HO] HAE 1988 Xerox
Al Palo Alto 974 (PARC)S] 479 vt= ool A (Mark Weiser, 1952-1999)7}
folFE 2 GFgold MdE AXBEAM AFREAY. o] /dLS AANALY ZIF
AR ET 83 87 AEHF e 2X AFEE] BARA =, oAl At
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A o] 88 £ A Fde dH JtH(Weiser, 1991; Weiser, 1993).

k= gtolx el HE olo] frH|AEHA AFHelgE JEE THAD 295 FY
3 ETH 9749 Zal=wt wjel (Friedemann Mattern)2 ‘fH]AE X HFE 7€
ol FAAMA S} FPFM AL AolE AAsE UEHE & F v MEL Vel
o 21 FASHAM ‘Many computers (mainframes) for everyone’ Altl, 1A, o
Xy, ofd g2 EX, 7 st tdx H&Hol 753 ubiquitous access
Aldl, & AFE/71A7F A53ks]o] AHEE9] JIEUl(The Internet of Things)ol &
Aate Aldl, 87t G83te ofF A2 AFHES S8/t Ay + g A=
2 AtEo] WA= 1(embedded computing), ®.°o1x &A = oi(invisible computing)
obf ZEsta, ARE 2FE A @olk A2z FolR dE A HFT

A7 = Aoletm sk itk oSt ol e A MM Fae] AWNE v

EHQI, a8 dA oAgMy ARE 7@ Eutd @R Ee] ot FESHAE «
HAES AR 7 8 A8 g2 WHEE 1AL Aoln olAztA ARASHA
Ao Be FAT AAZAolde S JMEeA dEEN FRFA Eoks
= o3 gdd Fofy] B JAE olEold Aoz JdFeiAn Jin.

gy ol ZE AEIVIe dEude] Wite AR B3 87 g T
slAA 2 Aeg s ol goFstd g
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9T THoR WSl wet o B HodE =UA 8 Aoy ¢4, &2
v ggel A9 HY Fgol wE el o E&§el wet CPUY AE el A=
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Hatol g stgon AARATL WS 77 2dF 5deR oF e
qAseith £, 98 FF G4 [E el Helsold uish o] $EUE o
W, 23, $F, 23, 539 5942 TR A% $EolA HF s1zko] FHe
H0s FEoR 5

OoJAHAANESR Y o FEE Y s WA F8
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25 A 9 2 Mg
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O growth of UIT industry

UIT demand(t) = UIT_demand(t - dt) + (UIT_growth_increment) * dt
INIT UIT_demand = 2000

INFLOWS:

UIT _growth_increment = gap_of_UIT_growth*growth_DT_of_UIT

gap_of _UIT_growth = total_potential__of UIT-UIT_demand

total_potential__of_UIT = 100000

UIT _growth_pattern = UIT_growth_increment/UI'T_demand

growth_DT_of UIT = GRAPH(TIME)

(2003, 0.0675), (2004, 0.0775), (2005, 0.11), (2006, 0.17), (2007, 0.345), (2008, 0.425), (2009, 0.445)
(2010, 0.435), (2011, 0.42), (2012, 0.37)

© ISM demand of industry

ISIM_demand(t) = ISIM_demand(t - dt) + (ISIM_demand_increment) * dt
INIT ISIM_demand = 3755

INFLOWS:

ISIM_demand_increment = ISIM_demand*growth_DT_of_ISIM_demand

ISIM_demand_pattern = ISIM_demand_increment/ISIM_demand

growth_DT _of ISIM_demand = GRAPH(TIME)

(2003, 0.495), (2004, 0.45), (2005, 0.41), (2006, 0.365), (2007, 0.32), (2008, 0.29), (2009, 0.255)
(2010, 0.23), (2011, 0.2), (2012, 0.135)

© ISM demand of research

[SR&DM_demand(t) = ISR&DM_demand(t - dt) + (ISRD_demand_increment) * dt
INIT ISR&DM demand = 266

INFLOWS:

ISRD_demand_increment = ISR&DM_demand*growth_DT_of_ISR&DM_demand
ISRD_demand_pattern = ISRD_demand_increment/ISR&DM_demand

growth_DT_of ISR&DM_demand = GRAPH(TIME)

(2001, 0.38), (2002, 0.37), (2003, 0.33), (2004, 0.31), (2005, 0.29), (2007, 0.26), (2008, 0.21), (2009
0.15), (2010, 0.09), (2011, 0.03)
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© ISM supply

high_ grade(t) = high__grade(t - dt) + (advance_3 + enteringd - advance 4 - turnoverd) * dt
INIT high__grade = 1500

INFLOWS:

advance_3 = middle_grade/advance DT3

enteringd = grad_num_of__parttime_doctor

OUTFLOWS:

advance_4 = high__grade/advance_DT4

turnover4 = high__grade*turnover_fraction4

middle_grade(t) = middle_grade(t - dt) + (advance_2 + entering3 - advance_3 - turnover3)
dt

INIT middle_grade = 2000

INFLOWS:

advance_2 = primary_grade/advance__ DT2

entering3 = being_ISM

OUTFLOWS:

advance_3 = middle_grade/advance_DT3

turnover3 = middle_grade*turnover_fraction3

primary_grade(t) = primary_grade(t - dt) + (advance_l + entering2 - advance_2 - turnover2)
dt

INIT primary_grade = 2500

INFLOWS:

advance_l = reserve/advance_DT1

entering? = (grad_num_of_univ+grad_num_of _master)*0.6

OUTFLOWS:

advance_2 = primary_grade/advance_ DT2

turnover? = primary_grade*turnover_fraction2

reserve(t) = reserve(t - dt) + (entering 1 - advance_1 - turnoverl) * dt
INIT reserve = 1500

INFLOWS:

entering_1 = (grad_num_of_college+completion_of_a_course)*0.5
OUTFLOWS:

advance_l = reserve/advance_DT1

turnoverl = reservexturnover_fractionl

specialist(t) = specialist(t - dt) + (advance_4 - retirement - turnoverd) * dt
INIT specialist = 500

INFLOWS:

advance_4 = high_grade/advance DT4
OUTFLOWS:

retirement = specialist/retirement_DT
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turnoverb = specialist*turnover_fraction

advance_DT1 = 2

advance DT3 = 3

advance_DT4 = 3

advance_DTZ2 =5

retirement_DT = 7

turnover_fraction] = GRAPH(gap_of_demand_and_supply)

(0.00, 0.385), (100, 0.333), (200, 0.26), (300, 0.218), (400, 0.19), (500, 0.163), (600, 0.138), (700
0.113), (800, 0.0925), (900, 0.0675), (1000, 0.05)

turnover_fraction2 = GRAPH(gap_of_demand_and_supply)

(0.00, 04), (100, 0.326), (200, 0.238), (300, 0.178), (400, 0.148), (500, 0.13), (600, 0.116), (700
0.094), (800, 0.076), (900, 0.06), (1000, 0.038)

turmover_fraction3 = GRAPH(gap_of_demand_and_supply)

(0.00, 0.3), (100, 0.263), (200, 0.213), (300, 0.176), (400, 0.137), (500, 0.108), (600, 0.075), (700
0.057), (800, 0.0375), (900, 0.0255), (1000, 0.015)

turnover_fractiond = GRAPH(gap_of_demand_and_supply)

(0.00, 0.1), (100, 0.0725), (200, 0.053), (300, 0.0425), (400, 0.035), (500, 0.028), (600, 0.022), (700
0.0155), (800, 0.01), (900, 0.0045), (1000, 0.0025)

turnover_fraction> = GRAPH(gap_of_demand_and_supply)

(0.00, 0.1), (100, 0.079), (200, 0.064), (300, 0.0545), (400, 0.044), (500, 0.034), (600, 0.026), (700
0.0195), (800, 0.0125), (900, 0.007), (1000, 0.00075)

© supply from private school

student_being_in_private_school(t) = student_being_in_private_school(t ~ dt) +
(enroliment_into_a_course ~ completion_of_a_course) * dt

INIT student_being_in_private_school = 5742

INFLOWS:

enrollment_into_a_course = capacity_per_a_course*num_of_private_school
OUTFLOWS:

completion_of_a_course = (student_being_in_private_school/average_length_of_edu)
average_length_of_edu = 1

capacity_per_a_course = 50

num_of_private_school =

((DELAY (gap_of_demand_and_supply,open_decision_delay))*0.05)*policy_effect_on_private_school
_supply

open_decision_delay = 1

policy_effect_on_private_school_supply = 1

© supply from transposition ITM

total_ISM__from_ITM(t) = total ISM__from_ITM(t - dt) + (being ISM) * dt
INIT total_ISM__from_ITM = 8000
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INFLOWS:
being_ISM = ((non_IS_of_ITM#*trans_rate)/the_peirod_of_trans)

total_ITM(t) = total ITM(t - dt) + (inflow - outflow) * dt
INIT total_ITM = 690000

INFLOWS:

inflow = gap*growth_rate_of ITM

OUTFLOWS:

outflow = total_ITM/the_period_of__ITM's_service

gap = saturation_point_of ITM-total_ITM

growth_rate_of ITM = 0.1

non_IS_of_ITM = total_ITM-total_supply

policy_effect_on_trans_rate = 1

saturation_point_of _ITM = 1000000

the_peirod_of_trans = 2

the_period_of__ITM's_service = 25

trans_delay = 1

trans_rate =
GRAPH(DELAY(gap_of_demand_and_supply,trans_delay)*policy_effect_on_trans_rate)
(0.00, 0.002), (2500, 0.005), (5000, 0.007), (7500, 0.009), (10000, 0.0099)

© supply from university

doctoral_student(t) = doctoral_student(t - dt) + (entry_doctor_ + entry_doctor_from_the_others
grad_num_of_fulltime_doctor - grad_num_of__parttime_doctor) * dt
INIT doctoral_student = 179

INFLOWS:

entry_doctor_ = (the_master’s_course*application_ratio_of_doctor)/grad_DT_of_master
entry_doctor_from_the_others = doctor_entry_from_the_others

OUTFLOWS:

grad_num_of_fulltime_doctor =
doctoral_student/grad_DT_of_doctor*rate_of_applicant_of_fulltime_doctor
grad_num_of__parttime_doctor =
(doctoral_student#*rate_of_applicant_of_fulltime_doctor)/grad_DT_of_doctor
student_of_college(t) = student_of college(t - dt) + (entry_college - transfer_to__univ
grad_num_of_college) * dt

INIT student_of_college = 800

INFLOWS:

entry_college = additional_capacity+current_capacity_.of_college

OUTFLOWS:

transfer_to__univ = student_of_college/grad_DT__of_college*application_ratio_of_univ
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grad_num_of_college = student_of_college/grad_DT__of_college*(1-application_ratio_of_univ)
student_of univ(t) = student_of univ(t - dt) + (transfer_to_ univ - entry__master
grad_num_of_univ) * dt

INIT student_of_univ = 500

INFLOWS:

transfer_to__univ = student_of_college/grad_DT__of_college*application_ratio_of_univ
OUTFLOWS:

entry__master = student_of_univ#application_ratio_of__master/grad_DT_of_univ
grad_num_of_univ = student_of univ/grad_DT_of univ*(1-application_ratio_of__master)
the_master’s_course(t) = the_master’s_course(t - dt) + (entry__master
entry_master_from_the_others - entry_doctor_ - grad_num_of__master) * dt

INIT the_master's_course = 300

INFLOWS:

entry__master = student_of univ*application_ratio_of__master/grad_DT_of_univ
entry_master_from_the_others = master_entry_from_the_others

OUTFLOWS:

entry_doctor_ = (the_master’s_course*application_ratio_of_doctor)/grad_DT_of_master
grad_num_of__master = the_master’s_course*(1-application_ratio_of_doctor)/grad_DT_of_master
additional_capacity =

DELAY (gap_of_demand_and_supply*0.01,decision_delay)*policy_effect_on__college_supply
application_ratio_of_doctor = 0.3

application_ratio_of_univ = 0.7

application_ratio_of__master = 0.1

current_capacity__of_college = 1200

decision_delay = 1

doctor_entry_from_the_others = DELAY(gap_of_demand_and_supply*0.01,decision_delay)
grad_DT_of doctor = 5

grad_DT_of_master = 2

grad_DT of_univ = 2

grad_DT_ of_college = 2

master_entry_from_the_others = DELAY(gap_of_demand_and_supply*0.01,decision_delay)
policy_effect_on__college_supply = 0.5

rate_of_applicant_of_fulltime_doctor = 0.5

© the supply demand gap

demand_of_high_grade = total_ISM__demand+high_grade_ratio
demand_of_middle_grade = total_ISM__demand*middle_grade_ratio
demand_of_specialist = total_ISM__demand*specialist_ratio
demand_of__reserve = total_ISM__demand+*reserve_ ratio
deman_of_primary_grade = total_ISM__demand#*primary__ratio
gap_of_demand_and_supply = (total_ISM__demand-total_supply)
gap_of_high_grape = demand_of_high_grade-high__grade
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gap_of_middle_grade = demand_of_middle_grade-middle_grade
gap_of_specialist = demand_of_specialist-specialist

gap_of__primary_grade = deman_of_primary_grade-primary_grade

gap_of __reserve = demand_of__reserve-reserve

high_grade_ratio = 0.15

middle_grade_ratio = 0.35

primary__ratio = 0.2

reserve__ratio = (.2

specialist_ratio = 0.1

total_supply = high__grade+middle_grade+primary_grade+reserve+specialist

© total demand for Information Security Manpower

total_ISM__demand(t) = total ISM__demand(t - dt) + (increment_demand) * dt
INIT total_ISM__demand = 10032

INFLOWS:

increment_demand = ISM_gap*IS_incrementat DT

ISM_gap = ISM__saturation_point-total ISM__demand

ISM__saturation_point = (total_ITM+UIT_demand)#ratio_ISIT

IS_incrementat_DT = (ISIM_demand_pattern*ratio_ISI)+(ISRD_demand_pattern*ratio_ISRD)
ratio_ISI = ISIM_demand/(ISIM_demand+ISR&DM_demand)

ratio_ISIT = 0.1

ratio_ISRD = 1-ratio_ISI
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