< AD=A058 136 GEORGE WASHINGTON UNIV WASHINGTON D C PROGRAM IN LOG==-ETC F/6 12/1
THE AVERAGE SPEED OF A FAST VEHICLE MOVING IN A STREAM OF SLOW ==ETC(U) .
' JUN 78 Z BARZILY N00013-75-C-0729
"UNCLASSIFIED SERIAL=-T=379

END

DATE
FILMED

‘o -8B

oot




GEORGE
WASHINGTON
UNIVERSITY

ADAOS58136

STUDENTS FACULTY STUDY R
ESEARCH DEVELOPMENT FUT
URE CAREER CREATIVITY CC
MMUNITY LEADERSHIP TECH
NOLOGY FRONT gl
EBK]NEHUNC]APP~§§§Q

GEORGE WASHINGR SRS

AD No.——
J0C FILE CcOPY

~ M 7/

o “y i > 4
i‘...c" } C

ﬁ? I_j-;t
VoAUG 30 1978 ||
LL‘;LJL_JU\J LbL

TTTTTTTTTTTTTTTTTTTTTT
NNNNNNNNNNNNNNNNNNNNN




l""‘"f”

(] ™~ ‘W‘-'\

’ 5 B - 4 v
’3 E Ui W B

= /' THr AVERAGE SPEED OF A FAST VEHICLE |

MOVING IN A STREAM OF SLOW VEHICLES , |
by

<1£2y Zeeq/Barzi]y“

?\‘, P 4 E; LA t&llf/( T@irtb

/

ADA0S58136

1 Serial-T-379 |
- 16 June—1978

e
(1436 Jun 12 ‘ﬁ){fﬁj

AD No.——
DDG FiLE COPY

The George Washington University
School of Engineering and Applied Science
Institute for Management Science and Engineering

-

’DDC’\

[ T N

fpcic: {

¢ AUG 30 1978 J
T, Program in Logiscics_‘ 'U L’;b(_ J{ t_l‘_U

@&m{@momzﬂ i

Project NR 347 020
Office of Naval Research

This document has been approved for public
sale and release; its distribution is unlimited.

Lps5 337 (8 UDB 21 05345

.




E

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
BEFORE COMPLETING FORM

REPORT DOCUMENTATION PAGE

1. REPORT NUMBER ?2. GOVT ACCESSION NO.,| 3. RECIPIENT'S CATALOG NUMBER
T-379 e |
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
THE AVERAGE SPEED OF A FAST VEHICLE MOVING SCIENTIFIC
IN A STREAM OF SLOW VEHICLES — 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

ZEEV BARZILY N00014~75-C-0729 e
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
THE GEORGE WASHINGTON UNIVERSITY ARER'S ORI ENLT WURSERS
PROGRAM IN LOGISTICS L
WASHINGTON, D. C. 20037 Ll
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
OFFICE OF NAVAL RESEARCH
CODE 430D 13. NUMBER OF PAGES
ARLINGTON, VIRGINIA 22217 16 C

4.

MONITORING AGENCY NAME & ADDRESS(!! ditterent from Controlling Office) S. SECURITY CLASS. (of this report)

NONE

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

. DISTRIBUTION STATEMENT (of this Report)

DISTRIBUTION OF THIS REPORT IS UNLIMITED.

. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

. SUPPLEMENTARY NOTES

N

A\

. KEY WORDS (Continue on reverse aide If necessary and (dentify by block number)

TRAFFIC THEORY
PROBABILISTIC MODELS

20. A!*TRACT (Continue on reverse side if necessary and identity by block number)

~ This paper studies the average speed of a fast car moving in a stream
of slow vehicles on a two-lane highway. Arrivals of the slow vehicles
are assumed to follow a Poisson process and the test car arrives indepen-
dently of the slow vehicles. The highway is assumed to consist of sections
in which passing is possible and sections in which passing is impossible;
the lengths of these sections are randon variables. Two passing mecha-

nisms are studied: the first assumes that the duration of a passing —s=,, 1
1

'}.

/;ﬁ

DD , on'5: 1473  eoiTion oF 1 NOV 68 1S OBSOLETE NONE

S/N 0102-014-6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

3

/\./

o

v




NONE

L LURITY CLASSIFICATION OF THIS PAGE/When Data Entered;

\
\

\\\20. Abstract continued.

maneuver is a random variable while in the second passings are

instantaneous.

\

\.

NONE

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

i

DT nriame

- v i RS, g S T 7

_____M




THE GEORGE WASHINGTON UNIVERSITY
School of Engineering and Applied Science
Institute for Management Science and Engineering

Program in Logistics

Abstract
of
Serial T-379
16 June 1978

THE AVERAGE SPEED OF A FAST VEHICLE
MOVING IN A STREAM OF SLOW VEHICLES

; by

Zeev Barzily

This paper studies the average speed of a fast test car moving
in a stream of slow vehicles on a two-lane highway. Arrivals of the
slow vehicles are assumed to follow a Poisson process and the test car
arrives independently of the slow vehicles. The highway is assumed to
consist of sections in which passing is possible and sections in which
passing is impossible; the lengths of these sections are random vari-
ables. Two passing mechanisms are studied: the first assumes that the

duration of a passing maneuver is a random variable while in
passings are instantaneous.
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THE AVERAGE SPEED OF A FAST VEHICLE
MOVING IN A STREAM OF SLOW VEHICLES

by

Zeev Barzily

1. Introduction

This paper studies the speed of a fast test car moving in a stream
of slow vehicles in a two-lane two-way highway. Let "our direction'" des-
ignate the direction in which the test-car is traveling. We assume that
the highway consists of two alternating sections, sections of Type I in
which passing is possible and sections of Type II in which passing is im-
possible. The highway is assumed to begin with a Type I section. Let
xi and Yi denote the length of the ith Type I and Type II sections,

respectively. We assume that X ,X are i.i.d. distributed accord-

1 Xpsees
ing to a continuous c.d.f. G with an expectation E[X] . The random

variables Yl’YZ"°' are also assumed to be i.i.d.; they are distributed

according to a continuous c.d.f. H with an expectation E[Y] . The
functions G and H depend on road conditions and on traffic moving in
the opposite direction. We assume that the slow vehicles moving in our
direction arrive at the highway according to a Poisson process with param-

eter Al . These zero size vehicles always maintain their free speed v

The test car arrives at the highway independently of the slow vehicles, and

it has a free speed v, (v2 > vl) .
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As the test car travels along the road it occasionally comes up
against slow vehicles. At these points the test car's driver may decide
to pass the slow vehicle or otherwise to reduce his speed immediately to

Vi and to follow the slow vehicle for a while. The decisions to pass

are made either at the points where the test car comes up against slow
vehicles in Type I sections, or at the beginnings of the Type I sections
to which the test car arrives traveling behind a slow vehicle. We assume
that the driver's decision is dependent on the distance from the decision
point to the end of the Type I section and independent of the distance he
has already been following the slow vehicle. Two passing mechanisms are
studied. The first mechanism assumes that at each decision point the

test car's driver samples a required passing distance W from a c.d.f.

1
B . If the distance to the end of the Type I section exceeds Wl then
the passing will take place wl units of distance from the decision

point; otherwise the test car continues following the slow vehicle at
least until the beginning of the next Type I section. In the second

passing mechanism, the driver samples a r.v. wz from'a e.d«f. € .

He passes instantaneously at the decision point if the distance to the

end of the Type I section exceeds w2 ; otherwise he follows the slow

vehicle at least until the beginning of the next Type I section.

In the present paper we use some of the results obtained by Barzily
and Rubinovitch [1] in 1977. Passing mechanism number one requires the
analysis of a model close to the one analyzed by Rubinovitch and Grinstein
[3] in 1973 and by Sivazlian [4] in 1971. Some of the results in the pa-
per are extensions of results derived by Galin and Epstein [2] in 1974.
For more detailed information on models for traffic in two-lane roads,
see [2] and [1].

The paper is comprised of five sections. In Sections 2 and 3 we

discuss the traveling of the test car in Type I sections under the first




and the second passing mechanisms, respectively. In Section 4 we deter-

mine the test car's average speed. Section 5 is a short summary.

2. The Movement of the Test Car in a
Type I Section Under Passing
Mechanism Number One

In this section we discuss the movement of the test car in the ith
Type I section under passing mechanism number one. Let us assume tempo-
rarily, for the convenience of the analysis, that this section is infi-
nitely long. Define that the test car is in state i (i=1,2) at a point

along the road if it is moving there at speed Vo x Denote by an the

distance the test car travels at a speed v for the jth time since en-

tering the ith section. It was shown earlier in [1] that while moving at

a speed vy s the distance from the test car to the preceding slow vehicle
is an exponential random variable with a parameter Allvl . From this

result we obtain that are i.i.d. random variables dis-

22’1, 22,2, eliek

tributed according to an exponential distribution function with parameter

o = )‘l(llv1 - 1/v2) . The random variables 7 are (by as-

Zl,l’ Z1,2’ 1,3
sumption) i.i.d. random variables distributed according to a c.d.f. B .
Let us now denote by T(x) the time it takes the test car to arrive at a

distance x from the beginning of the section; let Ml(x) denote the
state of the car at that point, and define U(x) = x/v1 - T(x) . A real-

ization of T(x) and the corresponding U(x) for Ml(O) = 2 is given in

Figure 1. It is easy to analyze T(x) wusing the analysis of U(x) .

Denote
qzj(x,u) = PlUG)<u, M, (x)=] | M @)y=2] , =12,
Qf (6,8) = f°° foo e-ex e-Eu d a, (x,u)dx ,
i x=0 u=0 u'Zj

and




T-379

T(x) §
slope =
slope = llviﬁ\
J x
L Zn z
-
U(x) 4

slope = (1/v

Figure 1. A typical realization of T(x) and U(x)
for Ml(O) R
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qzj(x,°) = P[Ml(x)=j |M1(0)=2] :

Denoting B = 1/v1 - 1/v2 , we obtain

u/B -az
S ae [1 - B(x-2)]dz +
0
(x,u) = u/f x-z -0z >
9Upq %> i fi s oe q21(x—z-y, u-zR)dB(y)dz , 0 < u < xB°’
z=0 y=0
qzl(x,°) SRl S
hence,
o3 (1 - B*(8)]a
Q3,88 = G+ 06+ B - aBF ()] ° (2-1)
where
o -0x
B*(8) = [ e dB(x) .
x=0

To obtain Q;z(B,E) , we notice that

u/B x-z e
J T qzz(x—z-y, u-zR)dB(y)dz , 0<uc<xB
2=0 y=0
od BB ¥w
qZZ(X’U) B B P oa™ qzz(x-z-y, u-zR)dB(y)dz + g , u=xB ?
z=0 y=0
9y, (%) s u>xB
hence,
Q3,(0,6) = [a+ 6+ 8 - aB*(8)] " . (2.2)

Now we denote
Py (ut) = PITGISE, M (0)=] | M(@)=1] , i,j=1,2

and




B 6, g % O . 5
1]( €) e dtpij(x,t)dx S a0 R G ER SR

To determine ng(O,E) we realize that

pzj(xat) =
P[?(X) > jﬁ =R Ml(x)=j ‘ Ml(0)=2-T + P[?(x) = ii - t, Ml(x)=j | Ml(0)=%] 3
hence we obtain from (2.1)
e + T )]
P (0,8) = = (2.3)
& i—[ e+——aB*e+ )]
v
and from (2.2) we get
£ -1
P%,(0,8) = |:a + 06+ = - aB*(e + —F’—):l A (2.4)
v, vy
Now we determine Pij(e,g) , j=1,2 . For j=1 we have
0 » t 22y,
(t—x/vz)/B
/i p21(x-y, t—y/vl)dB(y) . x/v2 < £4 wlv
y=0 3
st) = .
PO =Y (w8 ’
/ p21(x-y, t-y/vl)dB(y) + 1-B(x) , t= x/vl
b
pll(x,') gl s x/v1
hence,
1-3*(e+vi) [1-B*e+5—)]a*(e+——)
1
P* (0,8) = +
o 6+‘—fL +—§—)[a+e+i-a3* +—§-—)]
1
(2.5)
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and for j=2 we obtain

0 s t £ x/v

2
(t-x/vz)/B
p Z(X’t) = { pzz(x_}'y t‘)’/Vl)dB(y) » X/V2 S ﬁ x/vl :
Y y-()
Pyp (%) » xlvy <t
hence,
B*[0 + 3;)
( o ! e
P%,(0,6) = i _
. 0t+9+-£-—ocB*(6+—§-)
V2 vl

Let us now denote by Tij(x) the time spent by the test car in a
Type I section of length x given that M1(0)=i and Ml(x)=j . The
c-d.f. of Tij(x) satisfies

PITGOSE, M (0=) | M (0)=i]
PM Go=] | M (@=1]  °

P[Tij(X)St]

hence, denoting by R;j(x,g) the inverse Laplace transform of ng(e,g)

and letting (x) = P[Ml(x)=j I M1(0)=i] , we obtain

ij
E[I..(x)l ‘ R .(x )) / j( ) - (
ag . )0 r, X 2.;)

The probabilities rij(x) s L3 = Ey 2 i satisty rij(x) = R;j(x,O)
To invert P;j(e,i) we have to specify the c.d.f. B . We assume that

B 1s the exponential distribution function with parameter n . The in-
version can be carried out for other distribution functions, but the
expressions are likely to be very messy. Using tables of Laplace trans-

forms we obtain

t,,(x) = afl - exp(-(atn)x)]/(atn) , (2.8)

rll(x) = [a + 1 exp(—(a+n)x)]/(a+n) . (2.9)

-7 -
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ry, (ME[T,, ()] = Ot[x(OL/vl +n/v,) + (n-a)B(l - exp(-(a‘!rr\)x))/(aﬂ])
- x(n/vl + a/vz)exp(—(a+-n)x)]/(a+n)2 ¥ (2.10)
Ty (RE[Ty,®)] = ["(0‘”/"1 +17/v,) + 2(1 - exp(-(atn)x))ang’ (n+)
+ x exp(—(a+n)x)(om/vl + azlvz)]/(a+n)2 . (2.11)

r;, ®E[T; )] = [x(az/vl +an/v,) + 2(1 - exp(-(o#n)x)) anB/ (n+o)
+ x exp('(a+n)x)(n2/v1 + na/vz)]/(a+n)2 . (2. 12)
rlz(x)E[le(x)] = r21(x)E[T21(x)]n/OL . (2.13)

3. The Movement of the Test Car in a
Type I Section under Passing
Mechanism Number Two

In this section we derive results similar to those of Section 2
when the passing is instantaneous upon the test car driver's decision to

pass. We start with the analysis of the case where M1(0)=2 and assume
that Xi = X . The distribution of Tzz(x) can easily be determined be-
cause Ml(x)=2 means here that the test car is unimpeded in the ith Type

I section; hence,

Tzz(x) = x/v2 » with probability one. (3.1)

Now we assume without loss of generality that the test car arrives at
the entrance of the ith Type I section at time zero. To obtain

{T21(x)§t} - x/v2 ¢t < x/vl , the test car has to be unimpeded by slow
vehicles arriving at this section during (—(x/v1 -t), 0] . Let J(x,t)

denote the number of slow vehicles arriving at the ith Type I section
during (-(x/v1 ~ t), 0] . It is known that given that J(x,t) =n ,

then the epochs of the arrivals are independent and uniformly distributed
on (-(x/v1 - t)s 0] . Consequently we obtain
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(x/v,)-t 5 P
P[T(x)<t | M1(0)=2, J(x,t)=n] = é C((t+y-x/v2)/B) ?;7;f7:€] ’

where C((x+y~x/v2)/8) is the probability that the test car passes im-
mediately a slow vehicle that arrives at the section in (—(x/v1 -t) +y).

Since J(x,t) 1is a Poisson random variable with parameter kl(x/vl = £) ,

we obtain
(x/vl)-t
P[T(x)<t | M, (0)=2] = exp[}kl(x/vl -t- é c((t+y-x/v2)/8)dy) .
(3.2)
From (3.2) we obtain
i xB
r21(x) = P[T(x)>x/v2 I M1(0)=2] = 1 - exp{:ll(xB -/ c(y/Bay)| .,
0
(3.3)
xB T
rzz(x)E(Tzz(x)] = exp[}kl(xa - é c(y/B)dy} x/v2 5 (3.4)
and
x/v1
1) (OEIT,, ()] = [t d (PIT(x)st | M(0)=2]1) . 3.5)
x/v2

Now we turn to determine the results associated with Ml(0)=1 . The
derivation is based on the fact that

COIP[T()<t | M (0)=2] ,  x/v, Lt <x/v

1
PIT(x)<t | M (0)=1] = ,
1 s t = x/v
1
from which we obtain
r;1(®) = CHIP[T(x)>x/v, | M (0)=2] + (1 = o)) (3.6)

'11(x)E[T11(x)] = C(x)r21(x)E[T21(x)1 + (1 - C(x))x/v1 y (3.

and
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rlz(x)E[le(x)] = C(x)rzz(x)E[Tzz(x)] ! (3.8)

4. The Test Car's Average Speed

In this section we use the results of Sections 2 and 3 to obtain
the test car's average speed under the two passing mechanisms. As we

follow the test car's journey along the road we realize that its state

at the beginnings of the Type I sections forms a Markov chain. The anal-

ysis is based on this property.

To complement the results on the movement of the test car in a
Type I section we need to have similar results on the travel in Type II

sections. For this purpose we denote by Sk(y) , k=1,2 , the time it

takes the test car to travel y units of length along a Type II section
given that M2(0)=k [Mz(u) designates the state of the test car u

units of length from the beginning of the Type II section]. We also
denote

a0 = PM(=) | My0)=1] .
Here again we use the property that while the test car is in state 2

the distance between it and its preceding slow vehicle is an exponential

random variable (parameter Allvl) and obtain

Sl(y) = y/v1 with probability one, (4.1)
a o =1, (4.2)
ay,(y) = exp(-A;y8) , (4.3)

P[SZ(Y);S] = exp[-)\l(y/v1 -8)], y/v2 <s< y/v1 ‘ (4.4)

For a more detailed derivation of (4.3) and (4.4), see [1]. From (4.4)

we obtain

Elsz(y)) = y/v1 = It = exp(-llyB)]/Al . (4.5)

- 10 -
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We are now in a position where we can sum up the results derived

so far to obtain the test car's average speed. To this end, let Nik

be the number of Type I sections to which the test car arrives at a speed

vy k=1,2 , while traveling up to the end of the ith Type II section.
Denote by Tk(j) A j=1,...,Nik , the time it takes the test car to travel

along a road section that consists of a Type I section and its following
Type II section, given that the Type I section is the jth to which it ar-

rives at speed v - The average speed at the end of the jth Type II

section is given by

2 Ny
IR
= _ i=l k=1
Vj = I (4.6)
Y (X 4Y)
i=1
We will determine
lim V
jo
From (4.6) we obtain
N
i
? % T, (k) N
Ha ¥, = lin— ] Lim S —— lm -t @.7)
n e Lt ji it

oo 13
3 Z (xk+Yk)

The RHS of (4.7) calls for the use of the strong law of large numbers.
Applying this law yields

1 fe 1

lim L E[X] + E[Y] ' (4.8)
3 Z (X +Y, )

- 11 -
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N, .
1
% L 2
%i: oL = E {Ex{ril(X)E[Tig(X)]} + Elr,,(X)] EY{E[Sl(Y)]}} ,
3 3 e (4.9)
and
o
lim—= = w , (4.10)
j i

j-hoo
where T = (nl,wz) is the invariant distribution for the Markov chain

of the state of the test car upon arrivals at Type I sections. The

vector T is obtained as follows. Define

Yij = E[rij(x)] SRR = {Yij}
and
¢ij = E[aij(Y)] H ¢ = {¢ij} ’
then m satisfies
m(Ied) = =
and
)
ﬂ = 1
i=1 -
5. Summary

In the present paper we determined the average speed of a fast
test car that is moving in a stream of slow vehicles. Two passing mech-
anisms were studied. The first mechanism assumes that after a driver
decides to pass he still spends some time before reaching his free speed.
The second mechanism, on the other hand, assumes instantaneous passing
upon making the decision to pass. The first mechanism seems more realis-
tic when the X's are small with respect to the Y's . Here the passings
occur mainly at the beginnings of Type I sections and the test car has to

accelerate before passing. The second mechanism seems more realistic

= 1D -




T=-379

when the X's are large with respect to the Y's and the test car

comes up against slower vehicles mainly in Type I sections. The realism

of the two mechanisms may also depend on road conditions and traffic con-
gestion. We could have easily added a third passing mechanism that is a
combination of the first two--instantaneous passing inside Type I sections
and passing according to mechanism number one upon arrival at the beginning
of a Type I section. However, we do not think that this addition makes a

substantiai contribution on top of the other two.

Finally, we would like to note that the current model cannot be
used in cases where traffic is heavy because in these cases the assump-
tion that slow vehicles arrive according to a Poisson process is not

suitable.

O L
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Prof O. Morgenstern

Princeton University
Prof A. W. Tucker
Prof J. W. Tukey
Prof Geoffrey S. Watson




Purdue Uriversity
Prof S. S. Gupta
Prof H. Rubin
Prof Andrew Whinston

Stanford
Prof T. W. Anderson
Prof G. B. Dantzig
Prof F. S. Hillier
Prof D. L. Iglehart
Prof Samuel Karlin
Prof G. J. Lieberman
Prof Herbert Solomon
Prof A. F. Veinott, Jr.

University of Californis, Berkeley
Prof R. E. Barlow
Prof D. Gale
Prof Rosedith Sitgreaves
Prof L. M. Tichvinsky

University of California, Los Angeles
Prof J. R. Jackson
Prof Jacob Marschak
Prof R. R. O'Neill
Numericsl Analysis Res Librarian

University of North Carolina
Prof W. L. Smith
Prof M. R. Leadbetter
University of Pennsylvania
Prof Russell Ackoff
Prof Thomas L. Sasty
University of Texas
Prof A. Charnes
Yale University
Prof F. J. Anscombe
Prof 1. R. Savage
Prof M. J. Sobel
Dept of Admin Sciences

Prof Z. W. Birnbaum
University of Washington

Prof B. H. Bissinger

The Pennsylvania State University
Prof Seth Bonder

University of Michigan

Prof G. E. P. Box

University of Wisconsin

Dr. Jerome Bracken

Institute for Defense Analyses
Prof H. Chernoff

MIT

Prof Arthur Cohen o
Rutgers — The State University
Mr Wallace M. Cohen

US General Accounting Office
Prof C. Derman

Columbia University

Prof Paul S. Dwyer

Mackinaw City, Michigan

Prof Saul I. Gass

University of Maryland

Dr Donald P. Gaver

Carmel, Californis

Dr Murray A. Geisler
Logistics Mgmt Institute

Prof J. F. Hannan
Michigan State University

Prof H. O. Hartley
Texas A & M Foundation

Mr Gerald F. Hein
NASA, Lewis Research Center

Prof W. M. Hirsch

Courant Institute

Dr Alan J. Hoffman

IBM, Yorktown Heights

Dr Rudolf Husser

University of Bern, Switzerland
Praf J. H. K. Kso

Polytech Institute of New York
Prof W. Kruskal

University of Chicago

Prof C. E. Lemke

Rensselaer Polytech Institute
Prof Loynes

University of Sheffield, England
Prof Steven, Nahmias

University of Pittsburgh

Prof D. B. Owen

Southern Methodist University
Prof E. Parzen

State University New York, Buffalo
Prof H. O. Posten

University of Connecticut

Prof R. Remage, Jr.

University of Delaware

Dr Fred Rigby

Texas Tech College

Mr David Rosenblatt
Washington, D. C.

Prof M. Rosenblstt

University of California, San Diego
Prof Alan J. Rowe

University of Southern Californis
Prof A. H. Rubenstein
Northwestern University

Dr M. E. Salveson

West Los Angeles

Prof Edward A. Silver
University of Waterloo, Canada

Prof R. M. Thrall

Rice University

Dr S. Vajda

University of Sussex, England
Prof T. M. Whitin

Wesleyan University

Prof Jacob Wolfowitz
University of Illinois

Mr Marshall K. Wood
National Planning Association

Prof Max A. Woodbury
Duke University
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To cope with the expanding technology, our society must
be assured of a continuing supply of rigorously trained
and educated engineers. The School of Engineering and
Applied Science is completely committed to this ob-
jective.
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