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A nature of Waterfall model
considered from incomplete information
and property of thinking

Shaofung Wu'

The defect of the waterfall model as the software development method was first pointed
out by the beginning of 1980's, and it has become sh ared co mmon recognition about
software development today. In 1992, Jack W. Reeves proposed a sharp insight abou't
software design of software development in his paper "What Is Software Design?". The
objective of Reeves' paper was not a proof of correctness of his proposition, but was to
show that problems of software development until then were able to be explained much
more clearly, when ad mitting the correctness of his hy pothesis than when without his
hypothesis. I believe th at it is necess ary not only to v erify th e deduction from his
hypothesis but also to prove the correctness of his hypothesis, as I have seen the current
situation in which the core part of his p roposal of Reeves keeps being dis regarded. In
this paper, I try proof of the correctness of the hypothesis of Reeves by inspection from
two aspects, one is partial ignorance and another is the property of thinking.
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V7 MU 2T OBRBENRKE LY, BH LT TWA45H, Y7 by T OB
BT 2R EBEROLEIIRE S RVBET THAI2]. & AN, ¥R ENFER
VAT ADEDICETTREZRD &, T O T0%IFRSTIEMRICE NN, BIRICIE 30%2
B dDHTHY, ZOHD 0% % NMEENHDTWAH[3]. EHIZEDDRVELS
DORRAFETEOBTT, 50%% B IEHEN VAT AT ARTERLEN TS LW,
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bifhsnd e, BWREDOY 7 MU =T - VAT AORBEBREICRY, etk
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TARNZz2—=RX&EBLY 7 My =7 ORBEMD, VA—F—T+—)b ETNVE
BHHELTAY T T 2T DA THA T ILDET IR > TThATEY, FRNIE
LLHREL TWA LD ERET D E, Y7 T =7 DT A NLFEICBZE D4 LL
EAEEINRTIZR SRV E W I AREEIE, MRV BISR LD TH D L E X RITIE
B, Fim, ZOXI BRIV 7 U TR FERNOHMHATES LD TIE
o<, BRI TRENCK L, BB LR EL LTREERLEZKI TS D &) [4].
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IFBREMENEE SR TIUER B, TFRTRE] TRELE, HOIVITRRELER
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72HAE, 20X 7KME T ERTRE] CRETDHIZEDAREThS7IZH 0
LoT, MH2OWRICEY, TERTRE] TOF =y 7 Z2@0) HFIT TR TR
KEN, ZODITHERNRELZLOTRITNIE RV, 2, TERIRE] I
B DRBEMBONGRERATELLDOTHD.

b Boehm and others[5], p.2-1

“The Software Development Process is the formal process by which program objectives are transformed into program
requirements, then into design specifications, implemented into codes, tested, and finally placed and maintained in
operational status.”
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BRIZ, ™N— R =7 OFFTH = B HMNEIL, L VREEEEE 0K LTV, &6t
EEERLDICESIT L0 BNT5. e 2IE, &omEticont, —EoD
HRICH L CETOREMZHMLET A72DI1201E, EO L) RBEHTER2FEmT DX
M, FRNICHFIL, ZOMBICESWTRIEZERTD. T0wic, #EICES
HEH 21TV, HA5 VTR o B a—F —ETOY I 2 b—a VERREEITH.
N R 2T ORFHIBWT, & LEOEEEOKRIEIHG TRENTETT5H0
ThV, BETRRICERH RO EMEEREET XX BRIIE Eh2n. ®ETRICS
WTHRIEEN D REX 00, FHFTRTHE L XA E L < KK L TR TRENT
DT DINENTHD. e xiE, HDHBREOEHERE CM A ) 5 LG LENFA
L, PRIL7A—FRo =70, ZEEOHEHAFIZEODTERERH-INTHRNI &R
FHELELTH, METEARFIFZFORELME L TWIUL, ki LR Xk
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V7 MUz TRBIZBWTS, ERROX I N RU 2T ORFOXMBTR LD
WRIHY T AEREARCHEENER D Z LT LRV, V) —AENEZY 7 U=
T e VAT AMIEFITHRERY T, T ZFRITA L T A B EX T LT, ATM DMEA
T& LY, BHETHCATLATETRINRBEL, HHVIEIRFEEN TSNy
e s VAT AIANTRNBY, FOEDIIT =N kbh s HEENFAET L LA
ENEBRRIZEZ > TEZ. LML, ZTOLHIRY 7 b7 OFEROFIZBWTIL,
TDORMOFAEDN, KHKEZ, T ERTR) 72030 FRIEIOE 2O AT — 10k
ETHZ L, N— R =27 OBERIEEGHETITARV.

COMDORES LTINS, UA—F—Tx—)b s BT NIESLS YT by TR
WZRBWTiE, TFiLE] 26 ER TR ~OFRIVBEELT, R IrY =2 b
DHEEZZD, BTV =7 ERFERTERIRDIZILIZAHDIN, b Y
ZhU 2 TRABICBTAEERXMBOEHN L TRFNTILERDH S, 2L 21X, @
WOV T U 2TEET Y 2 TR, T—FR—ADOHFHT, HA, FT7A4~<V
— ¥ —, T—7ILEOMARMR, HEHTNULLENFESND e EDiEE%ET Bk
TRIBEETIRET LN, TR LERICWEZ-T, ZOMEICKRERLEELTLR T
IR A TR T D ENTERVWRERERRER T 256055, RO Z LiX, LE
EVa—NVOREFR, TEVa—NHOA L F—T 2 =R EHLNLOED, 7
0 s T I TEERNRVEIT LRI, TRLOBECIIAH AR T 5 2 &N
HWEIIARFRETHDIZENRREL, MEZTFEHLTDLILORILEDRHD. ZDLD
A, REMGIEIFRFHCERT 200 TH L ERBIMIND T ENZWR, TR LE] ©
TEENT E TR I OFRIZELY, TXT—BMIZEEL20TRITNE, TTFiRLE]T
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HLOTHDHETHAEMEEZREETERW. 220X, TFTRILBRBIA eI 71
BThHdHrELT, 70l I I TOEMIBTHMAOLPOHAWREBIZBWT, &5k
WEBRBEH SN0, SHHEO TR BEEL, RKICHORIREZRA LG E
Wi, ZOXIRTFEVFERIIRE LR TZEVILIRGEELHY 95, 205
G, FOEIRKM (DL RBRERMWMET BT RELLEIDEMETLH D)
I ERTRE OEELEET AR, BAEILIFRIEZI TODIEWVWI Z LI [T
WML T, o770l I I 7RI ITHICED DN TWAHEIZE, FREno
Il OMAEOEBEOR T, FOX TRV IRRNFEAET DR[EERH Y,
ZOMATDOEKIIRE 2 LDICRD. TOHE, HOHEOTFREY FINNBIORRE I
XoTHETFoNEZELTYH, ZAMRMOFRYFRZEYHTZ EiIZhoTenb Ll
P, TERTR] THETRELOLMENTVWDE HOEED, FENERICRIESh
HEHNE, el I3 SORTHETARMDRETETD, TXTOHENRKD-T-
B THom VI RERICRDIFHN RO THD L IICHRZD.
Tx—H—=TF—)b s TETNLTIE, HEAT =R T F =T DT TV AL
LTHRRENTWABIERFIZ, BRVICET LTWVE, RIEICA-TE & IZi3ai LE
IIRBTAEDEEZ S, LL, Jack W. Reeves N EHIT5 L 91, Y7 hou=T
ORFE TR, Wbl LR TREIOIRFIAT—Uhba—T 47, TARNRAT
—VETOREN, 2o P=T7 V)7 LTORFIRICEY TS LT, Lk
TR ELTCHBEN RH IR OAT -V RETRE L CE#ShE T s
ST OBEBENBESINCHE TS Z &1E, BICKTD. Z0LIRIEE, usT
SVITIEPLT A N LRICWTZ BT, WhWwATERIEITITI b0 L S
o TERE) RTEMER] LV LI RIEFEMBYVELERBI LT E LTS, L
BOFTEFLEESINTWDIOTHDLING, Hatiizix, ZnooFEE0EMIZT
APNITRTRELEZLDLEEHBENDZ LIT/ 5. Reeves DIFH L VLRI N V7
b= T BREOEOHMICESITIE, YT MY 2 T OBREICKIT D E B O
N7 A N TRIZHPNTND ENIBIRONFEIL, Z0LH28bDTHD ELE
Rcx5.

3. Reeves D{RETD L

Jack W. Reeves DIEFFIC L uiE, "— R =7 0flEClL, RIHFAT -3 TRE
LTHMIYLTWDD, Y7 o7 OBRBIZBWTIE, N—F7U 7 O LRICHK

¢ Reeves[7], “The overwhelming problem with software development is that everything is part of design process.
Coding is design, testing and debugging are part of design, and what we typically call software design is still part of
design.”
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B AEETRIEIEGERENOT A N ETOREREOTRTHY, Y7 V=T H
FHIZBWNT, N— R =7 OREICEKIT 2R TRICHY T 25miEa s A - Y
YU THB[T]. UL, X OREERBINERE LTRELTWSOTHY
¥, oY T by THRBEHEBICET AL, TOEBMMBELWE Lz X,
FANY T P THBEHEBRICT L TEDL I REELE XD THDLINEMGEL X
FIENI LD THDH[7][8]d. T AUTHK LEEE 1L, Reeves DR DA & BLEH IR FT
THMERDD EEBY . ZOmBEMARKRIEORAAL, WMBHALHER TIZIDH LR, B-L
TZERTIEARW. £72, 3B O Reeves DI 20 £ < bETICER I S TV
LZ0ICL b5, TOREOKLE S NERSNET TV DE L) 2RLICBNT
1%, BRI ERNAEITHDEELXD. 2T, TERTRIICE T 2E#oOTRE
Ml VTN 2TRRBICRBITAEEDOH Y ITLE WS ZHEID, Reeves DI D
FAl & R D .

4. TERIE] [THBTHAMEOITLH

TuaYzl FTHBEERET DI ANENIE I N D AMEEMICE LT, 1970 £
RIS, A ERFERE OIS TAMEEZRAT 2 &2k Y, AN
R XN TZ LN TE 5. Michael Ellman (2 X iviE, S E{mEERFOLEALK
ML, BHERF 2 EET D7D DI > TV B BERICB W T, BEMLESD
HERFENBHINTWHWDLIZ LIZHY, ZhiE, HoEm, RIEMRT — & 08
Hoflr, & L CEMEMTH H[12]. BFFEOFERICH R Y /A Be2 % a A LT
WAVEE, AR G E sE A e B A VR U, B RICEE A AT D 2 L N TE B,
FEEIZIE, PRYF[OFMATE 20#IL, HONTHIARERETHD. TOLIRT
FEAMIE, —F TIHERINE & HRAHRE  ORERM, BLOHRINED TRED
THHMZ ANRESIORTEENE BBR) Lo TRATEZHLDOTHY, F-MFTiX, A
M2V R D FEGITE L TRMANICAE > TWAEH, REFEMEICERT D TH He.
AN, FEEFHREVOIBREORENSERL S, HD5WVIXERICGEFHRINT,
BN ETH D E VI EHED FIZHENRE, FHEIND L, FHEEEFEARETHEL

d Reeves[7], "This article assumes that final source code is the real software design and then examines some of the
consequences of that assumption. I may not be able to prove that this point of view is correct, but I hope to show that it
does explain some of the observed facts of the software industry, ...";

Reeves[8], I did not set out to prove that "source code is the design"; I will readily concede that what is a "design" is to
some extent a matter of definition.
€ Keynes[13], pp.213-14, “the expectation of life is only slightly uncertain. The sense in which I am using the term is
that in which the prospect of a European war is uncertain, or the price of copper and the rate of interest twenty years
hence, or the obsolescence of a new invention, or the position of private wealth holders in the social system in 1970.
About these matters there is no scientific basis on which to form any calculable probability whatever. We simply do not
know.”
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FHEOFEICHEATET, REIN T DLFHENFMBIZR Y ZRBREDRET .
V7 N =T RBOETIZONTY, FiZ7aey=7 MAKBEETHONIEH HIT L,
[EWM TR CERESNTE Y2 Ay PRERMRIZESIS LD TH D LT DHHEN
S, FHERE OB ARAE L FEROMIFICH S TRetEi/h S < ewn

N—= R TEFEOZ V=T Y U TIZBITORFTLETY, REE LTz
25TV o TIERW., EBEICNA— Ry o7 ORFHIB W TERFHENMEET S
DIX, BEICHAEL D DFMREO I —MoTLrRL, BET2HBENZIT TDR
TRZOWTORNTEITH 28T, N— R =7 HEYOREREZZEMICED D Z &
NTED., N—FRu=T7ORHEL, N— KU =7 EMNEERICHES D BHRIZHo
WCIEARERZAF LF=72v. LavL, REEMERT D Fxa Xy Mg, ~—
KU =7 ORUWEOFE KM 2 MEN, SfFNICRET 2O TRTIER LT, TOHR
EDORINE, REE2Mi3 a2 Re Lz BT, Rita N REL T 2EEREICH S.
DEN, N—RU =T OHFHFIL, FHBORF2 A PRRETRIZEINZZOD
AFERRIZOVTIE, ZRERITENVDDELOVFIINDIEZZILND.

V7 MU TBHBIZBWNT, "R T ORFHTEER CEMBRRY SLT-720 0
&, TEWRTRERNCBIT D REEMFmOXGN, 58 Lz /b 2 BREERIZD
WTTHEZRL, TFRIE EWbhbd7ar I I 0 707 A NDOAT — YV OFEFEIRD
IZOWTOHEDENLTHD., T —F—T =)L TT)LDOFTHE, FRIE D
JAE Tl R LR CIRET HHEEE M35 2 L1, RRFZMET b0 THY,
WETRITIER SR WERRTH D, LIAN, A7 V=7 MEMT v T LD
(polymorphism), % /N1 > 7 ¢ > 7 (late binding), & 25 WMEHFIN N Y T 72 ED
Tl I Iv T RT AL LDREMERD L, T T I U TEEORRICESTYH,
a7 AEITREORNZ ERIIT TR TERNI L, 2D EERABRTITRNW &
DEESNTND[14]. ZORNPLRTY, v s I I 72T 22T <XTo
FFCOWTREFEREZINEL, 70/ I7 I 7EEONELE, FREYBEAELRD
WFEOFBES THRET S ZEIFBRENTIEIRWVL, ThiaR05 2 EITRENTHD
EBEZOND. UA—F—Tx—/b - BT ANEHAIED, @ER FXa A FOFE
R EHEEEE WO REIE, T X BREANG, R0 ORETHITE 5.

V7 RN =T BRIV T, Reeves DFEfMNOEMETE 2L 212, TFHRIEIIC
BOTIERTRE CIEmAa ESRhs mMENHR I, ZANT ER TR CHRE
LEEREONWTNNDOERITHERS LW IHBGIE, FIs TR, BEINC, &
LEWRTIIARTBNICRAET D EBZDRETHD. ZOROKIEZ I LIZED DT
OIZ, FiE L BB DM LW S AL B DS 2 A To
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5. REHMEELEETNERFLET IR AT L

HETTREBETENDHEL TWAZ L =T Y U VO TERESE TR, HEMEEIT
B TRICE T 2 EEBCMEMRZRAEIICREE LI Ry o A FEERL, #iET
FBIZZORFa2 AL bOFEOHFIBICESWT, HEBPAHOER L2 S - kiE
THEEFEZ TR I T L. HEHBMAOEME X, HHRNESLHIT TV, HE LR
EEZZRIIOITL, REHEZERTS. BROZ2HAGBEOBEWIIEZIE, Y7y
TRBICBTIWETRIZ=a—FT 17, 2F0V vl 7Thd. 2L,
AT TR TR EINIRIEBORE Y — L ThH IR Y AT LAOVEK 2 BET 5 S5
N5,

V7 Ny THBIZBWNT, BHRNZERTOREEIL, BASEICLIH0, £
Va— A BEERM LT e G AREY a— DR, Tu—Fr—h, ~NAK
FX¥—FrHDHWNEIT I Vary T—=TNDLI TS T AOFEMARREE, 77 A
NMLAT U RRHELAT U NOLIREREREZEDLLOTHS. LITLIT,
FERI 2 el T AR A RIC L 0, BREOBENEMICLESN, Y7 by =T
HEOWHENEARIHEET 5 0D L) RBEMTONTELR, FFtELsnd K
X2 AL FORBUVAT ANFHICEE SN T, £z, 7unrs7 3
THRENERHTEBICEEEN RV EEZEZXLLDIZE, 0l T ASEIIHRHELRA
THRIBY AT AT EEN 2N

INHORE FFa AL MIVTRE V7 Y 7RIS O OISO E HIE,
EHRALOBREREBEOKREEZRLEZLOTHY, ToXRBERT, AMOEEZ KB
THEROFLLR L AT A THD., ZOFRBY AT ACITEASHELEEND.

SR Y AT AIERIRERH T DY — AR, ABMOBEE IR Y 2T 2K FET
5.V 7 b= THFEO LRIZBW T, HilTE OB ORHEICEEBR S AT L0860,
R AT LI ESWTEMEZERL TV BINEEAETHELE N> TIW. &
DHFEEIL, HOHEOFTLIR Y AT LA FEHR~Y=a2 7 I LR THD T o 285E
2, BEHMEENODHIREBEOHWZRET LI ENTEELAVLMNE NI RITICOZR
BY, ZOLIBRBEPHABIZRINLTND.

SR AT LAOERBENL, AHMOBEMOHHEEHEL, FLMETROMEED~
=2 TNMIRDDT, #FEEERTRE Y AT LAOEIEAITRFOMEKEZRET S
HEALAMETHD. BiROX ), HFERY 7 by = TEBICBWTHAT 5Ed
CATAZE, LTFTOL IR0 H 5.

1. BAREGH

2. &KX
3. Zr—Fx—F
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4. FVgv - TFT—T)
5. Vo7

6.

7

. TmT I NS

HASHEIZIABNA L TWAERIBR, TlkEXT, RHEHOBEEIIBNT
Lol LMARLOTHY, TRTCORBBUV AT LOEHERTLOTHDL. Y7 b
TxTHBICL o TRIEESND Y 7 b Y =T 1E, REEICITE RS L CEET S
Tu T AIERIND. Tu s T AL, BEFEEHoOBEL L CREFESNEESE
FENAN= R =27 ORTTHAAENTREY, ABMOENOEEREZEZ 572000
KB Y EFFO O TIH RV, 7'r 7 7 AOWMBORIEIZIE, HFELHMBETDOPSELN
b5, WEAFIABOBEZEZERTHHENRMMATLH Y, HIFEITHAZICH-
TREDOBEEZEETDHIENTEDIN, ARSHEICL o TRRT D Z LN AHER
MO ERUCIE, RO EBRZ o 0n b 5. BREFEOSEMITSICY 7
FY 2 T7BRBICBIT 2R AT L E L TORBEMIZORND. V7 by = TH%
BT 2BHMERICEBWTHARSEIIMNAEAED, T XTORFa A N2 HARSEE
JCRETHZ &, DR L LR ELXOEEOR CORMBENRH 5.

DX RFERICBNTYH, BREELET THAEFEONF 2 AV FEERTED
B TRy, Y7 Ry THRBIZEBWNT, BRSHERIMLEORILY —LTHD
B, R EORKIIZIZNLAOTRR Y AT LOFENBESINTND.

Tal T AEBEGEE CEILL, WHEENIEOMBTOEATHD EBEZXDHNEND
HHL, FVary s T MIREER TSI AORRERTHLLIICELLN
BN, FEYL, ZOXHIREZICE LD, 1980 FRICIET YV a vy T —TFNATY T
Y =T OFRFEEERLEBERASS. L, BRIIEDbLI 2L, ZOFKNZ
EEPET LN TERN-T2. BETIE, 0/ I700M8%, SvVar 7
—TADE I RPERICEBERZD LN TEDHE VI RMER, HoTniEEZLT
W5, FTVar s T—7E, RONT-RMETICR T 5 ALH 2 B ISR - R
FTHIENTE, BROICEATE2M5EL/NSL<WVD, 7l I A0WE % i
MIWCHEBET S, AV RTAIERV AT AL LTI, REeThHs. =zt
TRCOT BT T MIRAERNITEMGEICE R SN DO TH DM, MHELT B~
FEEDY —RA + a— RiZ—x—IZHIE LTS, Lal, 775 —FiBIck5
V7 MU =T HBEANRBERTELEZDNFTIEEAENZWL, TOHEBIZEH
FHERIET ORE T,

Tua—Fx—§, IT77HBHWNIENE, REREDIEADRZH Y. TN TRS
2 AV MNEBRTAZEIETE V. MOFRR AT LAOMMELELT S, HDHN
i, OTIRY 2T LD RTRDOBEE Z, DERINCR-T LN TES.
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INOLOIFEIERFTRVAT AT S L, 07T AFFEIIMOGER X T
LTI WS THRARENEZR L, Lnb, SEIFICUREEZMA BN TETEY,
A% OB T HLMICHEA LT, ZRAERON, W2 Z—v g v
WIERLTW Zen#ifans. v/ 7 458%, BHRSE, X, Hlil,
oOFLR T 2T AOFHEE LT ANT, TNOHORAOTFELTEH%Z BfF L T
5. DFV, VZ MU 2THABIZEBNT, WTROHMICET2ICLA, BEREEN
bo b biEe, AENh- I XY MIEREERT A ZENTE BB AT 2T
0SS IVIEETHDL. LERST, Y7 Py =2THEICBITAEREDCRERN, b
S BELRIT D LI bRV AT AL, TS TV EETHLEVRD.

V7 MU =THBIZBWNT, a7 I SRBUANORBR Y AT MESEE
L, ZFRRCEDRF 2 A POERBMLERRENS S Z LTSRN, Tk H 7k
RMIBRF2 A MR Tl I7IVTSEICED P2 A0 FOERORNCTXTET
LTWTC, 7al I I 7 E@EUAORR Y AT ATHERENTNS KEFa A2 b2
Tl I IVTEEICLDL RX 2 AV FOERTREZZEICHE LTz s en
WERMEZGRFE L T DIFZEIXT RS- 572, A7 &b, Bl Boehm D U 4+ — & —
T oAb BT VBT AR, ENERAEL TWD EZITID Z LT TE e,
TSI SEEICEITAEER, VI Ny THRBICBITAE - bR
ETHDHZEEBETDHE, VI I THREONHEE YL, YusI I 704
A—DHRHE T ENARRIC R T2 & XL, Tu T AEEAMNL TR EIThRT
L e Bl B v ) ERPE I 2w,

VA — B =T x )b BT IOVERHEETDOEA, VT MU THEO [ TR
T EBIIR R LR, Y7 by o2 THBEERK T T 5 Tod
RTCORPAEZFHTLHZ LTy, £/, TERTERITHATLZL2BESH
TWHEBRT AT AL, TFTHRIRICHENT2ZE2BAEESNG TR T IV EiR
W LT, RRBENOHE TREERLOTHY, TOLIRFTRIV AT LIZL-T
IR ENAERICE - T, REFEHNE T, HAKRT, MAOARTERI AT LTHES
NI IV ERBICEIEEBLORERMEAERE Ll baneEx 52 L
%, BEMTRY. b L, TERTRERICEY el I v IEREERICHETE D
DRBIE, Ta I IV IEBELVIRBVATLAEEALCENEZRERT 1T 5N
ARG THROTH L. EBIZ, 2<{D7ny=” MIBWT, 7Ymnrs/73Iv
TTREFMIHET 20 L TERSNAIEITO RFa A b3, s o3I
TOETIRIZ, Y—Aa—RpLIERLRBEND EW) Z &R, HEIZIThbhTwn
5Hf.

f Reeves[7], “As just a small point, all programmers know that writing the software design documents after the code
instead of before, produces much more accurate documents, The reason is now obvious. Only the final design, as
reflected in code, is the only one refined during the build/test cycle. The probability of the initial design being
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[ERTRITCYa s I3 VS LTIt 2k 20 chiig, TR
TRIELT, 7ul I I FTENISE L THEET I ERIIRVL. ZRL0ENL R
T, UA—F—T4— )L+ FTNLOYT7 U =THBIZEBWT, 70773700
W2, 777 0o L3RG TEBGFEL, 7rnl I 07320 TED
BREBIS, ZOTRTERENZ FEX 2 A2 hoRBRIC L=, FOHFHNTITH
AR B RWET A L, HERNREBTHE EEZS.

6. TAMIREROME

Reeves DGR #HITRIC LTZGAICIE, UVaA—F—T4— )L« ETNMIBITHT A b
T, BRoTHBINTWAZ LIRS, FOHEIZHOWT, BETLZV.

ZHEYL, Y7 MU T OMEERH D EMOBERIZONTEDRRE 21 5Ok
THDZET, BT TEDZHDTIERY. VY7 MU= T OMEERET DM
FEEOLORHY, TEEWICFETLHIZLbHDDT, EORMEICERE YT
HZMCEY, ALY 7 ho =7 ChHEMERRRD [5].

V7 NU T OMEREMIE, BEROBEEZFML T, TNHERETHIRETHSD
W, U —H—TF—)b s ETNVERIRETDHT A NIRRT, EME, Ze, 3
FEME, M CofEEER LGN TThR D, Zhicx L, e s T AW
P, BT, —BEREORMEL, LEa2—A AT v a VLo THMEL, &
BT DLW IFEBMA KA TH H[11]. LL, Y7o xT - A AT g Uiy
ECOTRDY T 2T T4 THA 7 NMIEIT HREERALE ST, FOFRMEIC
DWTIE DI EN TN D LIXFE AT, REAORNZ . £, TOBRICHE
THRMMITEME O LB EIFACHEFICLDZLOTHY, FENCHRE KT D
ZEDRRNETHS.

WITNIZ LA, a0 R TLERICERE L COY 7 by =T 2T E
XV —AT 570D MEERIETH-ODOTEELT, TANLEXDLY, Z0
TRTT N TCORBEN KR L T ARITNIER G20, ZoTRICBT S 5k
FRORELTIRA 2 BB A AT Z L2250, OGN RIRELZ2 AN IR A
B S BB O S HTIZIE Y 720

7. WAFEE
MRELIX, 7077 AMFET AL 2T RTCORKORESRELE L, T2

unchanged during this cycle is inversely related to the number of modules and number of programmers on a project. It
rapidly becomes indistinguishable from zero.”
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FOFEITTEE LEREEE D TELTELNDEAETHD. ZOBEICET AL
BOMEZHET 2 OOMER MBI ZRBETCE2H0bH 200 LRLRWE, T A
FOMWEICET 2 ERRMMEAANE S REIC R 2 EREEZIEIOA TS, Y7 Ry
=7 OB FRUCET 2 ARG NIRIL L TWDHHT, 72 MZET 35 HEEZITV,
V7 Ny T REOGEENE, REMERETLII L, Te v NEHEOMOE
EEICHLIBEBTHZETHLH LN, FEFICNETH D, e BEMNLHEME, oF
DARNY w7k TR T g, FEEEOAENRRIBICEZE SN, FHRELT
TuYey MET L ANNEFROBREZENICLEMICHLD RS THIENTE, V
TN T OEEHEREBREIELLETHITES. LeL, AN v 7 ORRE R
TFIEHTHIZ L, ANV 7O0FAMZRABRL TRV HIHELZ L LT KR
HaEFLHI, ZZCTHEMmEECREBETIZLIEITERVDT, BEAERTDHZ LI
LD 5.

Ful T LIBTHNEL, Tl T ADET oy 7 ARER S E AR 22 B S
ThaR, TNERKEI T /I AZ5BO—HTHY, 7urI75B357ny s %
RS ERWEO I LIFEET S, a7 T A0Nkaa N IE LT S0 E 0
AITARTHNE, ZHITar A T—DTANTHDIN, WbhbddHT A NLERETE
i L2 i s v olia s g T —i3hl, arf 5 —TEREhE Fa s T
LDTARTHD.

BARRERT, BUICTSICERmSNTZT A MEE S, REUNCAR T LAMT
PN T A MEENRDHD L X, MEOMBEREZNETNHETEDELT, £
DEZEEE LIS, AIEDIZI BEWVEEZRT EWV I HERAIE, ELWESICEX D
UL, TOEEMOBEOME L L CLLEICHERTZZ LI3EHRTHS.

T A N ORGEEHI B, T A MEROEEHEWICHEBRNBE SN, TOEWRNIE
LLEBEIN2WVWEFICHEBERO —CENETHERETH D Z L OALNILBEAITER
BRENTZHEAICE, 20X MY v I DIFER, T A MOERBHEMIK LT H MM
KLTH, o7 A MNEHER BRI DMWNERIC R D /RN D D, BRI E
TR L WM T 0 7T LBV, e rnRy b —F—R Y TEREN
7oV =2 NHLHHEEIE, WEEREETHIENT A MEEIZBERAHE 5
ZBIERHD. ZOXIRGAIE, MREREZERTLHIZ LI THELNLAME
L,EDTEDICKIHYBERHORET S EZ M — A7 THERR L 22T X2 o720
UL, RAEMZRBEMAEDNKIN LT A FFEITHERT A N OFHME S, FEMhEUE -
LTOBWMDFCRES LA N v 7 EEEBLETDEE, AN v 0HEEEmD B2
PP OERICRERTIIDNELDND Z LR, ZOXIRFHET A FOSE %A
EEET, V7NV TOREER ESERVO TEROREIZ2S.

g 722 L, FEEEMICEFI SN TV DIFER H D2 E 9 ITHNT, EHTML 0.
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EFXENTAPMNFEIETL2H9 1 2O EEZTWDH DI, BFENRT A N
—2AEERT D EICEY, BERTANEITZD] EWVIFEERD L. WL EA,
QG2 T A N r—21%, 7ul T I 7 LI ERRR, YT MY =T OEEDORE
HRBENSEXHEAND LLREINS. ZHUEL, Y7 M7 o7 ORN, EKB7R
LRV AT A THHEI I TI VI EEEITRLR IRV AT A K BB L EHIC
LoTHEREN, Tl I3 VEBIcLsa—F 40 73Fno0ENMORKREE =
VB2 —#— LICEETHERELOEMEBRETHDL VI BLEALGHMET D L, M
ROXIICEINDFETHD.

ko ey, V7 2T IBIFERTarII 0L, s a—F—HRE
B AT RZEDABDOBERREEEZ 2V a—X —0NH g TE 5 IEABBRTLEI
BERZDOETIIR., 70l T 0 IEEUSN OB AT L TEEL, kT
577 by =TI, BHEROHEH TRERTHY, TOX I L RERLIHAEIZHE SN
TERT DT AN r—2Z0, Far5 I 0SBl sBELTBRICESOTERT
DTANT—RALDHENTNDEVIBRIL, N— Ry =T O T=T VIO
TrHu T —IlEBRNTIRMETHD.

KBICIE, 7al I3 EEA LT A N —ABERT D &, KA, RO
oW — ZAPMERR ST, T A FOEFHEMEEIRITEN L DI D, BEEEHERT S
7202, TRTCOMRERGAICET LT A M — 22 WBIICERLE S ¢35 &,
TARNT—AOEBHEEICRE 2 LOIC2Y, FHICHZ RN LDILRD. BEICE
2 E, REERMBUNFZ20WT A ME_EHDWVIET A FEFROKREE N,
FTRCOEIY H DT A Mr—AZREICGEBRTE DS L0 ) BHL, FENRREL
GATVWD, TRCOEIY H 5T A M —ARFROUEEICHE 500 ENL, —
BRI E TE RV, RIS, MR RE N OREFE N T A FFHEIC S 720, ARED
TARTF—ATTRTCOT AN —REM@ETHZENTERLLELTYH, HELH D
BEZBLTRELREERICE, TA M —XE LTHHATE 2.

DFEY, TARNr—RE, BEOBRBIECE > THERT B b0 TIERLS, 70 s 7
LOMBIIS U THER T 6D TH S, LnL, RICEFD LD RIER FiEER 7= &
LT, TAMr—ADOERIZIE, AW & BEERIRALETHD. 221X, HHAL
HPR5507 8y 7 HEINCFETTEILOTHIFAET, 72y 72U FORE
TRITbOLETS.
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IDLE, FTu v I ERERTTANTLIENTEDLLELT, TRThLOT
IDTARNr—AEBETiE L, 2¥DLHEEINDLETS.

Ti = T(Pi)

ZDEE, KTy I ERRTT A NT AT A MEED S — A% Pu TERT &,
XTI DT AN r—ADfMERD.

Pu=2XT(Pi)
FlziE, E7 0 v I OTA N r— AN B2 204 TH D & T I,
Pu=100

ThHbH. LL, MEBPEZREKTT A MNLEIET5E, T Mr—2¥ Peld, BE
DI, £T7 0y Dr—ARORITRS.

Pe=I1T(Pi)

T, 72l xIE, BT RO — RN BT 20 R7E T B L, 2°=320
LR, ZOEIRT—AETRTCT AT LI LIIARARETHS.

AN, Tayv I BHRTETTAISRMEEEZD Z ERREERGAIE, TV
— N EEAELTHND, TAMEMEISDE2GRWVIEEN, HEICHEEATS. 20k
IRBEITE, TRTCOF—RAETARTHZLICEY, a7 T AR0BOERR
MEEZIT O LW B I, B TRTERLR< b, BEICIE, DX ) RREE
TOTAPMIBNTH, 7A MIMBEORIERINE, ABHST v/ T LA0MWE, HH
R E BN T A2 ik, TKRoNEETICEY, REOFME T
ZENRTEDLL, FERTNERLRVDOTHD.

9. FRAMIEDOSH

TAMLEOFE-IZOWT, ZOL D RREENRKEEMICH B VITHRMICHTR & &
N HIZY, TN T A N LTREOMMERIGZ LT, BELCEENIEAET D DI,
BLWIZ ETIERW., TAPFNILEOERBICOWNWT, 20k 9 RREN2REENTD 2
WZXELN R 1 Z RS 5 200y, HDHWVITFHE LN B RONIZ OV TIE, Reeve DR
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DEDICAZDIRENRB SN L &I, TOERERENARBEREZRLNLIZRY,
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THHEDTHD.

L Z AN, Reeves DGR TIE, TAMLREIEFIN—Fy =270 =71 7 DHk
HTE 2L, FELEICEEND[7]. Reeves DIGRICLEENZIE, Y7 o= TEBI%
TA— Ry = 7HEYEORE TRICHIGT 2 LRI A, V7 Thy, Zhix
EFEAEERAERESETICEGT LD ENTEDL., a4 VD I70HBOT A
FTRETIE, SWEOBRENSFHITON DD TIERL, Y—A - a— KOEERKRD
WULATO I, HEOTESCETE N METS. ok R TEE2, = y=TIJ 70

BIRCoT 5L, RELBICEEND bOIIRD. REMEEICEW T, FEHT
~ = a2 TV IR B BRI AL RIS - T, RS AR TICBAIRICEE 2 e T E

HEMFETHANTHED VR, ZORMRERE X TWIIE, TA N TLREOEXEE
FADICHMSEE L, BREZEEMCERELE Y ET28IImREnsd. L,
2 DTuP s MIBWT, T2 FLRICHT 2 —mNRMELER ERBEE LN
NHicksd., i, TANTROMWEICETLZV 4 —F2—7 3 —/L « EFHART
BED, D7 & HRFERRMIZIE, AR E SN TV LT & 7w,
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KM Y 7 U = 7 OBFZMERIAT O 720I121E, vt —F—T4—)b« ET
NTEASND b O EFEUOBRREEKH Z & 6 TNE, Yev=s FOffmkBIRNIE
HThD., LIAN, Yuvzl FOMIMTRETIE, REERERLIEDLZLENT
=P, F, IR, A5VE TREE TR CTHEATEREEV AT LY, Tud
FIVIEFEIZHLT, REERLOTHD. TO/E, Wbwwd FiRITE] I8
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