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1. (10%) Consider the following differential equations.

A T

: +2y, =0 subjectto »(M=c, ¥(=c,
ﬁ{tz fil' -}. .] .}]( } 1 5 _{ } L_
b) % +y, =0 subjectto »,(0)=1.

Find constants ¢, and ¢, suchthat y(x)=y,(x) forall x>0.

2. (10%) Consider the following ordinary differential equation.

d’y

X

dy :
1 . +by =cos(10x) subjectto w0)=1, y'(0)=0
dx dx
in which ¢ and b are real constants. Find all possible values of ¢ and b

such that the solution y(x) remains bounded forall x>0,

-rEx<0

O=x=am. Let g(x) =k, +k sin(x) + k, cos(x) ,

0,
3. (15%) Define f(x) {
T,
i which &,k and &, are constants. Find the values of k., k andk, so that

J_:U'I.'IJ' F= gf,r}}“" dr 15 minimized.

4. (15%) Solve f(1)=3¢"~¢" = [f(z)e""dr for f(1).
il
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5.1f F=uxpi +y'z + 2%k, evaluate Hﬁ “HdS . where S is the unit cube defined by

d=x<£l 0O0zyp=]l 0O

1A

o=l {25“{:}

0. Solve the following PDE.  (25%)
oy 0%
== e
ot ox”
U A0y =u (L.)="0

[ v  if0sx<l
H{_‘{_"D} = Jf'{x:j: i e /E]r
(L=x) bl cx=z]

R L R B T

J.

i
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15%) Consider the n x n system of equations given by Ax =b, and let C [dn |b] be

the augmented matrix for that system. If G =[M|d] is the reduced, row-echelon form
of C:

a) What will you see in G if the system is inconsistent?
(b) What will you see in G if the system has exactly one solution

(c) What will you see in G if this system has infinitely many solutions?

{15%) Let A and B be similar matrices.
(a) Prove that A" and B" are similar

M) If p(t)=a " +a, " +--

Fat +a, 1s a polynomial, show that p(A) and p(B)
are similar,

(20%) Suppose there is a baseband signal m(7) with its spectral spectrum

()= MO-|f|w), S <w
1, |f|zw

Please evaluate and draw the spectral spectrum of m(r)- Z ot —nT)

R=—a0



3 ZH (K ZH)

EA VA== > N SIS ! A TR
Nt =SB R B4 A ity B TR ()

4. Find a general solution of the following differential equation:
Y =6y +12y —8y = xe®
5. Find a real general solution of the following system of differential equations:
W==3y -y, +2y
Y =-4y, +2y,
Yi=Y, e 3y,

. (a) Evaluate H{cura’ﬁ"}-r& ¢4 by direct integration,
¥

(15%)

(15%)

[

where £ :{ yi, = x°, D—lﬁ S the semicircular disk x* +y* <4,y20,z=0.
(10%)
(b) Evaluate L_{ !_*'-F’(x}ﬂc (clockwise as seen by a person standing at the origin) by
Stokes’s theorem, where, with respect to right-handed Cartesian coordinates for

Fand S in part (a) (10%)
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1. Find the general solution for the following linear system, {10%)

-1 1 3]“{’ -2
FEHH NI

3

|l;.
5

s : ~1 o .
2. Given a matrix, A:[ 2 ‘SJ cfind A™ . (10%)

3. Find the Fourier transform for the following function, (10%)
f{ty=2[H(t-2)- H(t-5)], where H({t) is Heaviside function.

4. Find the inverse Fourier function of the following function, (10%)
O o C)
4 +{w-3In

5. Find the sum of the series (10%)

(Hint: Expand sin{x) ina cosine series on [0,m]and let x =%)

2r.2

6. (a) Let the Laplace transform of f{t) be —{ - +— . Find f{t), (15%)
878" +a )

1-cos(t) _. : '
(b) Let f{t) be N Find the Laplace transform of f{t), (15%)

7. Solve the system  y"+2ty' 4y =1 when y(0) = y'(0) =0, (10%)

8. Find the general solution of the below system, (10%)

¥ Ay ry 6y =x —dx +2
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1. Sort the following developments in mathematics according to time; {a) solving the quartic

equation; (b) solving the quadratic equation, (¢) Pythagorean theorem; (d) solving the cubic
equation. (10%)

2. For the three roots of the cubic equation expressed in Equations (52) to (54), indicate the
one which is definitely real and explain. In addition, discuss how you can determine it is the
case of three real roots or the alternative case of one real root with two complex conjugate
roots according to these analytical formulas. (40%)

3. Use the procedures described in this article to solve the following two cubic equations:

(a) 10x* —77x* +178x—-120=0 (25%)
(b) x*+15%% +64x+90=0 (25%)

W2

1 AXZHFRESHRBT? (25%)
2. R ZHRFTEBA Y (25%)
3. ALz AR AT T (25%)
4, B ZAREERIRF A7 (25%)
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Cubic Equation

[ntroduction

Knowledge of the quadratic formula is older than the Pythagorean Theorem. Solving a
cubic equation, on the other hand, was the first major success story of Renaissance
mathematics in Italy. The solution was first published by Girolamo Cardano (1501-1576) in his
Algebra book Ars Magna. Shortly after the discovery of a method to solve the cubic equation,
Lodovico Ferraria {1522-1565), a student of Cardano, found a similar method to solve the

quartic equation.

[Adapted from www.sosmath.com]

Derivation and Formula

The cubic equation is the closed-form solution for the roots of a cubic polynomial. A general
cubic equation is of the form

byt vz ay =0 (1)
(the coefficient @, of :"may be taken as I without loss of generality by dividing the entire
equation through by a, ).

To solve the general cubic (1), it is reasonable to begin by attempting to eliminate the a,
term by making a substitution of the form

=1 — A (2)
Then
ir - AP el - A A m{r—A)+ap=10 (3)
et = 3Axr 4+ A - A (e - 2hr 2 XN+ m{r = A} a0 )
e {as = 3N o {ay - Qa3 = IAD) s+ (ay = h —axA? - AT =0, (5)

The +° is eliminated by letting 2 =a, /3, so

1B o huo (6)

Then
o= (r = lay )t = - ape? + fals - ed) (7
itaz” = fa{r — %fi--.r}-" = g’ - %”:.';-"7 - %”‘g (8)

1z = flad— é—ﬂﬂ = gy - ';'gﬂlﬂ-:h (9)
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s0 equation (1) becomes
P (e azh + (3 - B+ ane (bl - fad- Joes—wl =0 (g
rt = {ay - radir - (fagny ~ Fa —agi =10 (11)
X _ni Eqrayr—F —. Elg
T R Y I R = (). (12)
Defining
— :}H] - l"l-_':
p = . (13)

Baytia — 2Tay - 2u5
57 (14)

i

q

then allows (12) to be written in the standard form

it - pr=q. ' (15)
The simplest way to proceed is to make Vieta's substitution
o=~ ﬁ%! (16)

which reduces the cubic to the equation

_-q=ﬂ* (17

which is easily turned into a quadratic equationin #* by multiplying through by u* to
obtain

(')~ glu’) - Fep’ =10 (18)

The result from the quadratic formula is

(12 o+ 37 ) = 4= i = 27
= Ri,.ﬂ'ﬁ'ﬂ_’_u:{! (19}

where (J and R are sometimes more useful to deal with than are p and ¢. There are therefore

six solutions for w {two corresponding to each sign for each root of ™). Plugging w back in
to (17) gives three pairs of solutions, but each pair is equal, so there are three solutions to the

cubic equation.

H'H =

A [w

Equation (12) may also be explicitly factored by attempting to pull out a term of the form
(x—B) from the cubic equation, leaving behind a quadratic equation which can then be
factored using the quadratic formula. This process is equivalent to making Viéta's substitution,
but does a slightly better job of motivating Viéta's "magic" substitution, and also at producing
the explicit formulas for the solutions. First, define the intermediate vanables
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(which are identical to p and ¢ up to a constant factor). The general cubic equation (12) then
becomes

 +3Qr -2R =1, (22)

Let B and € be, for the moment, arbitrary constants, An identity satisfied by perfect cubic
polynomial equations 1s that

- B = {r - By + Ba ~ B, (23)

The general cubic would therefore be directly factorable if it did not have an x term (i.e., iIf O =
0). However, since in general Q # 0, add a multiple of {x— B)--say C(x - B)--to both sides
of (23) to give the slightly messy identity

(r* = BY & Clir = B) = (& = BY{s* = Bz + B* + (") = (). (24)
which, after regrouping terms, is
it~ Uz — (B~ BC) = (- B)fr* -~ Br - (B + (1} = 0. (25)

We would now like to match the coefficients C and .,,(33 +BC ) with those of equation (22),
50 we must have

(' =30 (26)
B*~ B(' = 2R. (27)

Plugging the former into the latter then gives
B~ 3QB = 2R. (28)

Therefore, if we can find a value of B satisfying the above identity, we have factored a linear
term from the cubic, thus reducing it to a quadratic equation, The trial solution accomplishing
this miracle turns out to be the symmetrical expression

B=[R+VO!+ RV 4 [R- Q'+ RV (29)

Taking the second and third powers of £ gives

B = (R- Q'+ B = 2R - (" - R ~ [R - V@' + BT (30)
[R— Q¥ = R = [R = Q¥ = R - 20 (31)
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B¢ = ~20B + {[R + O  + R < (B m]““}
< {[R = VQF + B R - VOF+ R (32)
= (R= /O + R~ [R - V@3 = i) (33)
iR+ JOFCREVR - J{W}“-’”
~[R + VO ~ RFP[R - Q3 + BV - 208 (34)
= =208 - 2R~ [R* ~ (()* + RS
X [(R - 0* + R"*)”H - (ﬁ'. - O = Rﬂ)lﬁ} (35)
= -20B ~ 2R - B = ~3Q8 + 2R. | (36)

Plugging Bt and B into the left side of (28) gives

(-3QB ~ 2R} = 3QB = 2R, (37)

s0 we have indeed found the factor (x— B) of (22), and we need now only factor the
quadratic part. Plugging C =30 into the quadratic part of (25) and solving the resulting

r* « Bz = (B* + 31 =) (38)
then gives the solutions

r = H-B=z /BY -4(B?+3Q)] (39)
= —§B= 3V -3B7 - 12(Q (40)
- -iB=LV3i/BT S 4Q. (41)

These can be simplified by defining
As R~ JEFE-RM - [R-VQ + R (42)
= (R~ Q¥ = R = AR = (@* ~ ROV + [R - VOF + B2 (43)
= (R« V@R« [R- V@ s BV 420 (44)
= B - 40 (45)

so that the solutions to the quadratic part can be written

r= 5B = 3V3iA (46)
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Project Management Actions to Improve Design Phase Cost
Performance

.J-:::hn A. Kuprenas, M.ASCE’

Abstract: Over 270 angmeenng design pmg::cl;s are. anaiyzt:d to assess thf: :m{.laci of the use of project management processes on design
phase cost performance. Frequency of design team meetings and frequency of 'ﬁ:pomng of design phase progress were found to reduce
design phase costs. Project manager training and the use of a project management based organizational structure were found nat (o create

statistically significant lower design costs, Caleulation of regression lines for the meeting and reporting frequency variables agninst desigs

costs 15 shown 1o be a method 0 quantify the putanuul saﬁngs to hﬁ‘: ﬂhtmnad by application of each process.

DOIl: 10, ]{lﬁ!f{ﬂSCE}ﬂ?—’l}SQ?X{ZE’I{E}ZQ !{25}

CE Database keywords: Project nmnagﬂmenr Cﬂ-st cnntrni Dcszgn

Introduction

cost, schedule, and quality performance of design and construc-
tion. Past research has shown that management of the design
phase is particularly important, because decisions made n this
phase of 4 project often have the greatest impact on the eventual
lotal project cost {Paulson 1976). Liule research; however, has
been conducted to quantify the impacts of specific project man-
agement actions on design phase performance. This. paper. pr&-

sents the results of a case study o statistically anrralt_lm and quan-.

tify selected management action impacts on project pe

This work provides an analysis of over 270 ::nmplﬂted pl'ﬁjﬂﬂﬂ':--'

and examines the impacts of the use of a project management
bused organizational structure, project manager trmmng, fre-

quency of design meetings, and frequency of demgﬂ repnﬂs on.

design phase cost performance.

Research literature has established the mﬂu&nce nf managﬂ-'
ment actions on project performance, Spemﬁ:aity, pmgﬂci SUCCess
fuctors huve been of interest to the engineering. design am:'l con-
struction research community for many years. Work by Mig;htandf" 'j
- Fisher {1985), Pinto and Slevin (1987), Savido et al. (!99(3} Jas- -

elskis and Ashley (1991), Parfitt and Savivido (1993), Anderson
and Tucker {1994), Heath et al. {1994), and many others success-
tully created a comprehensive list of management factors that
when present, increase the likelihood of design and construction
project success {typically measured through schedule and bud-
gel). Speeilie research to quantify the impacts of success factors
has been dimited, particularly with respeet to dﬁs_ign.pcrfnnnam:g.

'Assistant Research Professor, Dept. of Civil Enmﬂcﬁnng. Univ.. of
Suuthern California, DPW/BOE—Bond Acceleration Program, Program
Management Division, 650 S. Spring St., 7th Floor, Mail Stop 549, Los

Angeles, CA 90014, E-mail: kuprenas@use.edu

Note, Discussion open until June |, 2003, Separate discussions must
be submitted for individual papers. To extend the closing date by one
month, a written request must be filed with the ASCE Managing Editor,
The manuseript for this paper was submited for review and possible
publication on October 10, 2004; approved on March 8, 2002. This paper
is part of the Journal of Management in E.ugiuﬂriﬂg. Vol 19, No. 1,
January 1, 2003, @ASCE, ISSN 0742-597X/2003/1-25-32/$18.00.

- Some
. project .-ma'naganmnt processes on design performance, specifi-
Project munagement is well established as a means to improve

: ! hnwm,ﬂr has begun 10 study the impacts of

cally:

+ Baldwin et al. (1999) found that by a better understanding of
the flow of information among project participants, the man-
-agement of design may be improved. Baldwin also found thai
“nonexistent or ineffective design managament results in ox-
tended design timescales and may also produce contlicuny
construction details that result in delays and problems during

. Zt:nm.uucﬂun

'« Research by Tbbs and Kwak (2000u) atlempted to determine
U the financial and’ m'gamzﬂlmnai impacts of project manage-
N H'IEIIL ’I'hfur work allowed an assessment of the effectivencss

- of pm}ect management efforts and the differentiation of per-
formance enhancements based upon specific management pro-
cesses, Additional research by Ibbs and Kwak {2000b) formu-
lated and tested a procedure o allow managers 1o meusure

~their return on investment for project management (PM/ROT),

_'?_.I.jlnmnl study-results found a refationship between project cost
: p:rfunnance and project management maturity.

© e Austin ‘et al. (Zﬂﬂ{}) established the importance of effective
odesign mnﬂgemeut to facilitate a coordinuted design within
" budget and to ensure the smooth running of the project, Their

research pmpc:-sr:d a planning methodology based upon infor.
mation requirements w reduce work and optimize the thesign

Process,
« Communication {both formal and informul) was identified
through a survey by Chua et al, (J999) as a critical suceess

factor for project objectives of budget, schedule, and quitlity

~ with design control meetings specifically identificd as o key o

budget pcrt‘nnnﬂnte
». Pocock et al. (1997) found that prajects with greater interac

- tion between the project personnel performed beter with re-

spect to cost, schedule, changes, and design deficiencies

(based upon a study of over 200 compleied projects. Pereent

age of improvement varied based upon typesdegree of interac-

“tion, but improvement was measured in cost growth and
schedule growth percentuges.

* Kog et al, (1999) specifically examined the impact of the num-

ber of meetings a project manager holds with other project
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personnel on schedule performance. The research found that
“pood” schedule performance can be achieved through fre-
quent (Tour 10 six) meetings per month,

+  Manavazhi and Xunzhi {2001 identified a causal taxonomy to
assess costs of design revisions based upon the cause of the
revision, The work suggests the use of a tool o assess the
health of a project and as 3 tool o determine designer re-
somirces needed for a particular revision.

This work attempts to advance the existing level of knowledge by

guantifving the influence of project management  actions/

processes on design phase cost performance through a case study
at i large public engineering design organization.

Data Collection

The study data is from the City of Los Angeles, Department ol
Public Works, Burcau of Engincening, a {000-employee engineer-
mg organizaton thal s responsible tor the planning, design, and
construction management of capital improvement projects for the
city, Two hundred and seventy-two projects including municipal
facilities, stormwater, sewer, and streetl projects were studied in
this analysis of project management impacts. The construction
costs of the projects ranged from 325,000 to 325 million and
completion dates were between July 1993 and June 2000. The
projects all had multidiscipline design requirements (civil engi-

neering and other), and all established project teams to design the

work. The teams consisted of the primary discipline design squad
(typically civil engineers). additional discipline designers, over-
sight program managers, and client ageney contacts,

Project Management Processes

The use of project managemenl processes varied across these

projects. Four ditferent traditional project management processes

{(1dentified through past research as project management success

(actors) either were or were not used on these projecits (Anderson

and Tucker 1994; Chua et al. 1999; Kog et al. 1999). These four

process were as follows.

. Oreanization in & project management structure, With sev-
eral large bond-funded construction programs in the plan-
ning stages, the Bureau of Engineering executive staff and
the Board of Public Works mandated an organizational shift
w improve project delivery to restore public and city gov-
ernment confidenge in the Bureau’s ability to manage these
future programs, Hence, in February 1997, all of the non-
wastewater Bureau divisions were shified from a traditional
functional organization into program-based matrixes with a
project manager being the focus for project delivery with

project conception-to-conclusion responsibiiity. These two

organizational structures are shown in Fig. 1. The data for
the case study included projects completed under both orga-
mizational structures with 198 projects completed under the
functional organization and 74 under a program based malrix
organization.

Completion of project management teaining. [n March 1998,
the City of Los Angeles, Bureau of Engincering completed a
9-month training effort of over 30,000 h Project Manage-
ment training for over 1,000 employees. The Bureau's train-
ing program had three elements: {1) system optimization: {2}
project management tools; and {3} human relations/
organizational development. Fig. 2 shows the courses and

¥ad

hours offered within ¢ach element of the training. The dala

26 [ JOURNAL OF MANAGEMENT IN ENGINEERING I'JANUAFW 2003

for the case study included projects designed by st tha
had and had not been trained in these three arcas, O the 272
projects of the study, 208 projects were comploted by sl
that had not been trained, and 64 projects were completed by
stai that bad completed the project management traming.

3. Frequency of design team meetings. As the awarenass and
emphasis on project management increased, and depending
upon the particudar project manager and lead design section
for each project, the frequency of design tcam meelings in-
creased, Hence, there wag wide vanation from projeo o
project 1n the number of team meetings held. This suecess
Factor was measured as the average number of design team
meetings {(defined as a project manager lead meeting with
key designers and stakeholders to review ssues. cost. sehed-
ule, and progress) per month of the design phase of the
project {varies from $.25 to 1.01

4. Frequency of design staws reports, Agam, as the awareness
and emphasts on project management mcreassd and depend-
ing upon the particular project manager and fead design wee-
tion for gach project, the fregquency of design siatus reports
varied. Hence, there was also wide vanation from prosect (o
project in the number of reports issued. This suceess factor
was measured as the average number of design statos reports
(defined as an issues, cost, schedule, and progress stutus
check and printout) issued per month of the design phase of

" the project {varies from 0.1 1o 1.0]

Design Cost Performance Measurement

The only project management performance measure {or the 272
project data set was design phase cost performance data, Design
phase cost performance is delined through o cost perfonmanee
index {DCPI} computed as

DCPI= ACDWP/RCDWE i1

* where BCDWP= budgeted cost of the design work performed and

ACDPW==actual cost of the design work performed. A DOPI
value of one means the design cost was as planned tat the budget
value); a DCPI value above one means the project exceeded s
budget: a DCPY of less than one menns the project wis below s
budget.

The BCDWP for all projects in the case data set was based
upon preestablished budget templates—historical cstimates of
dollar costs {expressed as a percentage of estimated consiruction
cost) for every task/element required in the design of a Burcau
project: For example, a template would indicate that for a lihrary
with an estimated construction value of 31 million. the total de-
sign effort is expected to cost 18.6% of the estimated construcnon
cost {or $186,000). The complete templates for the library design
include costs (expressed as percentages) for all tasksielements of
the design (with a total of 18.6%).

The Bureau has 21 templates—0 street design lemplates, 5
stormwater templates. and 10 municipal facilities templates, The
values for each template are shown in Table 1. The dilterent tem-
plates were created to differentiate projects by type ta library as
opposed 1o a new sewer installation) and by size (i ibrary project

‘with a construction cost of $1 million or a library project with

construction cost of 35 milhion), When design work on a project
in the case study began, the approprizie {huscd on project type
and size) template was recalled from a database. Afler a review
and adjustment period to correct the emplute design budget est-
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mate values for any specific project particularities, the design
costs agreed upon became the BCDWP values from which the
design performance was measured, |

The ACDWP is the sum of the actual dollar expenditures for
every burcau staff person involved in any particular project. Indi-
vidual time charges acerued as design on each project progressed,
When cach project was completed, each individual's total charges
were downloaded from the city timekeeper’s r.la:ahaSﬂ and
matched to each particular case study project by a umque prﬁject"
work order number recorded on each stalf person’s timesheets,
Adding all of the time charges for every staff person who worked
ort each particular project provides the ACDWP. It is important to
note that for all projects included in this study, all design work
was done by Bureau of Engineering personnel. No subcontracted
design services were used for any of these projects; hence, the
DCPI calculation is based upon all-inclusive budgeted amounts
and afl-inclusive actual amounts. Similarly, the cost basis for the
budget measures (with respect to labor burdens and indirect ct:-sts} |
s identical (o Ih-:: cost basis for the actual measures.

Check of Project Schedule and Quality Performance

One consideration in the entire effort to measure the cost effec-
tiveness of project management 1s to check that just because the
cost of a design effort is reduced (i.e., a lower DCPH, the design
quality and design schedule are not adversely influenced, A lack

of data ‘beyond the.cost data described above makes this assess-

'ment of quality and schedule performance difficult for these Bu-
‘reau-of Engineering projects.

A portion of the projects within the data set did, however, have
construction cost data, To confirm that the design cost reductions
did not adversely influence design quality, a check of the con-
struction change order percentage (measured as total change order
cost divided by wotal project final construction cost) for the subset
of the data set projects verses all of burean projects completed
over the same time period was done, The purpose of the compari-

son was 1o ¢heck whether the designers “rushed” their work 1o

achieve & lower DCPI at the expense of design coordination or
ﬁﬂIy t}un]r.mg nur, a daslgn {thereby creating change orders when
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; - 24 hours of training for
- 18 hours of training for all Rala of the Project Manager Project Managers on
Buroau staff on Systems . _ changs, communications,
Optimization Basic Tucml ]m“i rs ot tralring tor - tearpwork, and leading
Principals / Fundamentals Jusign Managers | leams
on Project Management |
- 16 hours ol addtional so me% . 16 hours of traiping for
training tor Executives, “Control Technical Dasign Managers
. Project g:.:am arid : ' - ) and Techrical Production
pennical Design Managers Sta#f on changa,
on Tools and Applications THL?, m__i | ﬁnﬂﬁiﬁ, h"'f! ot sommunications, and
Tools. and tearmwork
MM| -
_ - f hours of training for
M‘“ﬂ Docurnant) Adinistrative Suppon Stat!
& hours AT communications, and
on Project Managesmeant. toarwork

Fig. 2. Training program components

the project went into construction). Table 2 shows that over all

years of the study, the projects of the data set had a lower change
order percentage than the other Bureau projects. More impor-
tantly, as the project management processes were used with
srenter frequency over the yeurs of the study, the change order
percentage ulso became lower. Therefore, the project management
offort to reducing design costs did not influence design quality (as
measured through change order percentage).

The check that the project management processes did not ad-

versely impact schedule performance is again difficult because of

2 lack of schedule performance data. Schedule performance for
the entire design effort, however, can be measured through the
number of completed design projects by group by calendar year
{annual work program). For the years of study in which the data
so1 was collected in which the project management processes
were applied, the burean's annual work program has increased the
* pumber of design projects completed for groups from which the

data was obtained while maintaining or reducing the number of
staff in the group, Henee, the projects have taken no longertobe

completed—schedule performance has not suffered at the expense

of 2 lower DCPL. Unfortunately, a lack of data for both of these:
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checks (schedule and guality) does not allow a stutistrca] anajysis
of the results as does follow {or the DCPL

Project Management Impacts 1o Design Cost

- Performance

Quantification of the impacts of the four project management pro-
cesses identified above across their degree of application was
done through three steps of analysis:

. Comparison of swmmary statistics of design performance
(DCPI) measured across variation in euch of the four man-
agement processes. :

2. Proof of statistical significance ol any ditferences iwentified
in analysis step 1. |

3. Calculation of a least squares regression fine of a plot of

design performance measurement vCrsus amount/application
of project management as a means 1o quantify management
influence o design phase cost performance.
The results and conclusions from each of these three artudysis
steps are explained in the sections below.
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Table 1. Ruwreou Budget Templates

e ) S ) e e 5 5 someeon on o 5 eoome oo

Destgn east lemplaly

T»p.,. m‘ “mi-. Subtype of work Sire iFrru‘nl arf i.{:lhlml.!mn Li;}-.i}
Munwipal fﬁuhiil::t e:}m fire/police stations, libranes Under $2M k.06
Mumapad fsclities Ciffices, Rrefpolice stations, libraties $IM o S1O0M £5.9%
Musiciprd facilities Oifices, fire/police stations, libraries $1IM 1o B20M 14,77
Municipal Facilitios Parking stsuc e, maimenance yards, warehouses Linder % HKK M55
Municipal facilifies Parking structure, maintenance vards, warehouses 0 SIDOK o 200K 149,15
Municipal facilitics Parking strucmse, maintensnee yarﬂg wmtmm Over $200K 17.14
Municipal Facilitics Underground stordge wnk e Undvur $‘50K .00
Municipal facititics Underground storage tank - $50K 10 $100K 4140
Municipal facikities Uniderground storage tank $100K 10 $200K F7.00
Municipal facilities Underground storage !nnk Onigr $200K RN
Stornywatet Stormn drain Under $50K B5 X
BUACTW ey Storm drain $30K 10 $100K $5.00
Stormewaler Storm dvain ﬁm o S200K 4 (1)
SR ales Storm dramn $200K to SSO0K K (K}
Shormpgier Stom deain | -~ Over $500K HY (K
Sl Szt reconsIECHon o UMHSIWK Sab03
Strecy Strevt reconstruction 3 $IWKI¢$M 45 ¥
Steent Steet (LonstcHon  $250K 1o $600K ENERY
Sreeet Streel reepnsiruciion $OOUK 1o $1.5M 15003
Sifeel Sireet reeonstigelion $1.5M 10 550 RiERES
Stigel Street fecunsiruction Owvgr 35M 25400
Summary Statistics - A compatison of summary dela statistics across the presence

Table 3 shows a comparison of the summary data statistics. fﬂuw

entire sample versus the four management process mepsures of

this study; the four measures are divided as follows,

™

Training-—subdivided into projects in which all eam members
cortipleted training on project management and projects in

which all of the teany members did not complete the training.
Organizational structure-subdivided into projects in which

the design team wias organized n a4 malrix organizational
strgcture and projects in which ithe design wam mmmned or-
ganzed n a funchoml orgunization,

Meeting frequency. - subdivided into projects in which one or
more design feam meetings were held per month and projects
i which kess thun one design weam meeting was beld per
sonih,

Reportng requency-—subdivided into projects in which one
ar more design stalus repodts were ssued per mionth and
prajects i which less thun design status report was issued per
pwnth.

The sy dada stakisties for cach subdivision of the four pro-
cesses are shown in Table 3. The surmmary data statistics used are
the sample mean, median, standard deviation, and sample size.

Table 2. Change Onder Frequency Comparison o

Al Projects Projects Within
Year of Within the Bureau 11!#: Duis Set
contigdetion of  Change order Chmg: onder
e projec i %) Coumt { %) Count
10K} TS81 s NA §
IR 21 RE 17,22 7
| Ctis e R i 4 1.3 |2
HEX) F 30 3 o5 9.

10 e e e A AR BT S AT R R e

or absence of these management practices give o first indication

uf ﬂm ;mmm af gm;r}&ci management @ design suceess, Table

+ The mﬁn DCPL median DOPL, and DCPI variance are lower
for projects in which one or more design team meeting was
held per month than for projects in which less than one desiyn
team meeting was held per month, Therefore, application of
this management ool appears to enhance performance [mvan
DPCT reduced from 1,751 to | 133 {35,345

+ The mean DCPL median DCPL, and DOPL variancy are lows:
for projects in which one or more design status report wins
issued per mnnﬂ} than for progects o wlach less e one
design status report was issued per month, Again, application
of this management tool glyo appears 1o enhance perforemce
imean DPCY reduced from 1,567 10 1342 (14498

* The mean DUPL median DOPL and DCPT vartance appear 1o
be almost wdentical for projects i whach all team mensbuers
completed training on project mumagement and for projects i
which all of the team membens did not complewe the trining,
Application of this managewent ool may minimally enhance

v performance [mean DPCL reduced from 1549 10 457
{6.3%)]. Note, however, there is no correlation 10 this DUP
 measurement and 8 measure of waining effectiveness, [t is pos-
~ sible that the skills trmined were not understood and truly used
by the burcau staff, or it is possible that the bureau st a)-
ready Knew the skills of the waining programn. Either of these
condinions with respect 0 the lraining program wosld Casse

the DCPI to behave as it did.

+  The mean DCPI, medinn DCPL wd DCP vastance appoan o
be alinost identicad for projects in whicl the desees s was
organized m a matnx orgaizabonal sttucire st N prowaos
0 which the design team remamed argamzed 9 fungisngd
orgamization, Application of thy managenent process solually
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Table 3. Daa Summary for Project Management Process

PR | I

- PROUECT MANAGEMENT Pﬂ{}f_‘;‘ﬁs 1Y

|||||||||

e et T -

Number of Mectings Nunbr 0f Reports Project Minagement i o teag

Statisiteal  Bomee o fErnioml et Month Bty Frsasang L el
ALY (b B Less thas one  Ome or mere  Loss thas one One or morg Not completed Completed Panadomal Mas
Munn | 526 751 }.133 1567 PR E S PR bA452 e bR
Medan PN 1.6 L9358 b.14 R R 1453 1 G87 Py SR
Seanafard 1145 §.2465 4619 138 0,845 1 13h LAk LIEN 133
soviation |

AR Ry A (R ki 223

|||||||||||| "

A% 203 i iy T

appears o aunmmally bnder pedormance {mean DPCT i
creasesd from 1.517 1o 1549 £ 2.1%3).

+ The bureaw’s projects are munmng over budget with a mean
HOPE for all projects of 1526, The overall DCPL would be
expectad e closer 1o 14U The wmplase values used establish
the haseline values appear 1o be ton low. Comparison between
whgroups of prvjects ds stll possible, because the entire
sample uses the sume templates, |

A5 of these findings, however. need 1o be proven W be siatisti-

sathy signcanm.

Statistical Significance

There s enonugh data m the study o perform a lest o determine if
the study results are statistically significant. Table 4 shows the
results of a one-tatted small sample hypothiesis t4est for the popu-
ation mean dJivided based spon degree of project management
arocess use across the four project management progess studied
Hpatning. organizationad structure, meeting frequency, reporting i
frequencyt. The four processes are all tested based upon 4 null
ypothesis ¢4, that the mean DCPY of the projects with the
project management Processes in use are ot lower than the DCPI
of the remaining projeets. All four byputhesis tests are based upon
= 0.5 and assume a normal distnbution for the DCPL popufa-
tion (hecause test is usedh The able shows the following re-
NHIES
o {1, is talse for the frequency of the meetings during the design
phase, The provess of meeting more than one fime per month
is statistically very significant with the mean DCPI reduced by
menting more than one time per month as compared (O meet-
ing less than one time per month {with very strong p value of
T ITTE-OR),

Table 4. Resuits of T-Test for Project Management Process Impact to Design Cost

-

My iy true for the frogquency of the repodts Junng e design

phase, but the g value of Q00T shows murzinal wgmihvanye,

Hence, the process of seporting more than one B per o

may create & fower menn DOP than reporing ess dhan e

tme per month, but additosal data s pevded.

s Hy is true for the use of traimng and the shidt s oo i
oroanizalion, Hence, these provesses Ger sl crento 3 <tated
cally significant lower mean PP by thewr use

The finat step of the analysis s to atlemp 0 guantity e mpact

of e statistically sipnificant management prcaoes thromh @

plot of 4 least syuares regression e,

Regression

Based upon the statistical significance of teporting and moeetag

frequency on design phase cost performanee. a simple ineas e

gression and correlution analysis was conducted, Two sleps wene

used in the analysis process:

}. Calculation and plot of a least squares regression line fand
95% confidence intervals for plot liese sdope, Oy, amd mier-

: ﬂﬂpt. g?'@}.

3 Caleulation of the coefficient 0f determination LR for sk
plot of step 2w test the stremgth of the regression relaton-
ship.

It is through these steps that a quaniiicabion of mmagenent o

pacts on project performance can be Jeterimiesd.
The first step of the analysis cails for the creation of a sante
plot and calculation of u feast syuares regression e famt 95%

confidence intervals for plot line slope. b, . and tercept, by tor

each of the two management variables under study (meeting and
reporting) and DCPL Fig. 3 shows the seatter plot and least
squares regression line for design phise meeting frsquency versas

PROJECT MANAGEMENT PROCESSES

ki

Number of Meetings Number of Reports. Project Managemient Chrpamzntionad
per Month , _per Momth - Tools Traneng N ”:iimmuré: -

Statistical measure Less than one Gaf Of TS l:u;ﬂm une ﬁr:emmnr: . Not completed  Completed  functiomal - walrix
Mesn 1.7%1 1.133 1.567 1.342 1549 1442 1507 {54
Virgnew (R Y (.383 1.335 £.801 1.2 f AR i AL
CIBsery at1oms 17 99 23 49 M tred ST B
Hypeabgsieod {3 0} i '}
i differomo
Degrecs of freedhom 203 87 his Pal
1 At 5390 1.507 116358 i} L)
¢ pritical one-wadl a3l Fe - _. Le63 . 1658 b A
PeT« =1y ong-tal 1ETTEAS 0068 ___ B . 0.262 o

—— o adain -
.. s et

: L= 2L The s BE
- &3P By o %8nP0”
1
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DCPL Fig, 4 shows the scatier plot and least squares regression
fine for design phase reponting frequency verses. Table 5 shows

the statistics for cach regression equation slope, by, nmi mmml,

hy. aod 95% confidence limits for-the regression
table shows very low p

values for all variables (less than ﬂns}"' o
-=?;§-ﬁg 3 ﬂmwfﬁm of deteemination for the meeting froquency

indicating very strong confiddence in the equations of Figs. %) and
4. The negative slopes (b} of the meeting. {hy=~0802) and
mwmng (b;=~0407) frequency regression lines, along with
the caleulated intercept points, quantify the impacts of the appli-
cation of each of these project munagement pmw Fi}l‘ ex-

i A B o m‘r PATRLIN LN - L 5 ooo
SRR B I, R, it

ample, increasing the frequency of design team mcetings from
every other month 10 every month can be shown to improve DUPI
by 25% (DCPI reduced from 1.6 10 1.23
Tht: :.awnd step of the anulysis 15 a calculation of the coelhi-
tion, R, for each regression plot. As shown in

s only 0.0631, A shown in Table §, the

cient of determination for the reporting frequency versus

:_ DCPI regression is only 0.0169. These fow K vilues show thi
'gmriabtea other than meeting or reporting frequency also intfluence

T7.00 "
5.00 ~
500 1 - - -
L
D e *
C 400 e —~% SR S . _
- -
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Table 5. Results of T-Test for Slope and Intercept Values
PROJECT MANAGEMENT PROCESSES

Number of Mectings Number of Reports
per Month per Month

Statysiid Rowression  fntercept Regression Intereept
RS 1T nhfrp‘:.‘ I iy stope &, by
Vajne - §3 Hen} b ST 43 407 1.705
¢ wdsit b 20 160003 -2 157 15985
Pkl AL 1 ¢ 2aMuy 24K 2.000)
Fiie ) JoHeNELEE R TAE .G LishEA2  6h428-4)
Vb 35
DA copdbfemes - FOET P -§1 77K {395
trpherral Hhoaer s
W conlidence ThAd] 2 HR () {536 1918

Ty Al bagyxr

a1 eyt e Ll 0 B S e e = B )

PP As ween sn thie Hertuee review portion of this study, past
ceseyrehiers have ulentified dozens of potentiad design cost inllu-
ences loritical success [actors): hence, these low R vulues are not
snexpected. Futune research, however, should attempt to identity
and quantify these additional influcoces and should devise meth-
oeds b mensure individual infleence mpacts Hhrzmby moving the
/Y values vloser 10 onel.

Conclusions

T work has provided an aealysis of over 270 completed mu-
micipal facilitiey, stormwater. sewer, and street projects within the:
(v of Los Angeles. Depanment of Public Works, Bureau of
Fapowering, in order 10 assess the impact of the use of a project
marsizenient based  orgamzabonsl shruclure,  project  manager
tranning. Trequeney of design meetings, and frequency of design
reports ui design phase cost performance. Given a constant jevel
ol yuality and schedele performance. the progess of a design team
mecting treguency was found v be statistically significant i re-
ducing design phase vosts wath the mean DCPE reduced b}* et~
me more than one tise per month as compared 10 meeting less
thun ooe lme per momth, Similarly, given a constant level of
quatity and schedule performance, Lthe process of written repont-
ing of design phase progress more than one time per month re-
sultedd v lower mean DCPL (with marginal mgmﬁ::anﬂﬂ} than
reporting less than one time per month, The use of project inan-
ager wuning and a project management based organizational
stpucture were found 10 be processes that do not ereate a statisti-
cally cignificamt Tower mean DCPY by their application.

Creation of seatter plots and calewlation of least squares re-
srossion lines for the meenng frequency and reporting frequency
variahles against DCPE further contirmed application of these pro-
coenpsy results in lower design costs, The negative slopes of ihe
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meeting and reporting frequency megression Jines, along with the
calowlated intercept poimts, were shown o be o methorl oy
lify the design cost impacts of the applicanon of cach o thesw
project munagement processes. Both least squares regronsien hoes
had extremely fow coefficients of determanson, wwd as such,
presemt numerpus opportanities for future resenrch. hecinse other
factors certaindy influesce DUPL In adilsion 1o wlentdicaton of
these influences. future research should also inveshizate bow
whedile and quality performance of destpn phase work can be
measured and whether the use of project MORRICIRCHT Proceees
gan also have a sumlar pesiive influence [ these massares
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1, (10%)

2, (10%)

3. (10%)

4. (10%)

5. (10%)

6. (10%)

7. (10%)

8. {10%%)

Determine the independent variable, order, degree, linearity, and homogeneity of the following

equations.
a) [H(:wﬂ Y =35 (y) =0

b) (—x) =1-()

c) [1+[£JIT: iig.
dx dx

2 i a
d) 53‘61:+i‘ CRCET
as gscf o8

Please solve the following ordinary differential equation:
x'y" = 3x’y" +6xy' ~6y = x*Inx

Solve the following ODE and use @, =+ /m to simplify the solution, where m, ¢, &k, Fj and @

are constants and ¢ = 4mk.
my" +cy' + ky = F, cosam

Solve the following boundary value problem. Assume Dg k K, S, L; X, are constants and
K =8,
2
p 48, KKS,
d? K +8,T

ds,
S_;’(ﬂ}=S.::- E(Lf)zﬂ

Solve the following boundary value problem, where F Dy, &y, &2 €, £ are constants.

ac d*C
e

it ﬂw,‘_’.]L-i—kI[CE—C}, C(U}zcﬁs C{szci
V‘&'x'_ﬁ'"k[‘{': L(ﬂ] =I’ﬂ

dL

Consider the continuous probability density function px(X)=a sin® mx for 0<X< x .(a) What must
be the value of a and m? (b) What is px(x)? (c) What is prob{0<X< g5 /2)? {d)What is
prob{0.5<X<2.1) if m=1?

Let py(x)=0.25 for 0<X<a. What is the distribution of Y=InX? Sketch py(y).

Consider the probability density function given by
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px(x)= 4 /2 0<X<2
Px(x)=(1- A )4  2<X<6

This is a mixture of 2 uniform distributions. (a) Sketch px(x) for A 1=0.5. (b} Sketch px(x) for
A=0.1. (c) Sketch px(x) for A ,=0.333. (d) In a random sample from px(x), 60% of the values
were between 0 and 2. What would be an estimate for the value of A 7

9. (10%) Estimate the parameter A of the distribution px(x)= A e ** for X>0 by the method of moments.

10. (10%) Find the maximum likelihood estimator for the parameter A of the distribution px(x)= A e™** for

X0,





