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Abstract: Zhang and Fang (1990) obtain the characteristic function (c.f) of the uniform distribution on the Stiefel manifold
V,p,={H: H is an n X p matrix and H'H = I }..In this paper another form of the c.f. is given. By a united method the c.f.’s of
spherical matrix variate distributions in some subclasses such as Kotz’s type and Pearson Type IT are derived. Our resuit gives a
generalization of both Iyenger and Tong's (1989) and Li's (1991) results,

AMS 1980 Subject Classification: 62HQS,

Keywords: Characteristic function; Kotz's type spherical matrix distribution; Pearson type 11 spherical matrix distribution; spherical
matrix distribution.

1. Introduction

There are many publications on matrix variate distributions (or matrix distribution for simplicity), in
particular, about their characteristic functions such as the c.f. of the Wishart, beta matrix and inverted
Wishart distributions (cf. Teng, Fang and Deng, 1989). In this paper we shall pay attention only on the
spherical and elliptical matrix distributions which play an important role in many fields such as
multivariate analysis (cf. Fang and Zhang, 1990) and theory of multivariate distributions (cf. Anderson,
1992). A comprehensive study on these distributions is referred to the monograph by Fang and Zhang
(19901, '
Let X be an n X p random matrix (n > p), define the spherical matrix distribution families:

LS,y = {-#(X): I'XLX for every reo(n)},
VS,p = {#(X): T vec(X) £ vec( X) for every I'e O(np)),

where #(X) denotes the distribution of X, & signifies that the two sides have the same distribution,

O(n) the set of n X n orthogonal matrices, and vec(X) the vectorization operator (cf. p. 11, Fang and
Zhang, 1990). For convenience, we write X € LS, , (VS,, ) instead of #(X) € LS, (VS ). We call
& to be left-spherical if X€ LS, , and X vector-spherical if X VS, .
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It is known that X€ LS, if and only if there exist a p X p random matrix 4 such that 4’4 iy'y
and

X2 U4, (1.1)

where 4, , is independent of U, and U, is the uniform distribution on the Stiefel manifold V, ,={H,
H'H =1, In the decomposition (1.1), 4 is not quite unique. For most cases, we take .4 to be an upper
triangular matrix with nonnegative diagonal elements. The existence of A is from the well known
Cholesky decomposition. Furthermore, if X€LS,,, and P(| X'X| =0)=0, then 4 which is an upper
triangular matrix with positive diagonal elements has a unique distribution (cf. Fang and Zhang, 1990, p.
94). In this paper, we always take 4 to be-an upper triangular matrix with positive diagonal elements.
Zhang and Fang (1990) have derived the characteristic function of X € LS, ., as follows:

E oF\(3n; —5T'T4'4), (1.2)

where £, is the hypergeometric function. In this paper, we shall give anothor form of the c.f. which is
more useful in practice. The main results are as follow:

Theorem 1. Suppose that X € LS, ., and X processes a densitv. Then the c.f. of X can be expressed as

> 1 1 C(~3T'T)
be(T)= 2 L ‘ T "EC(B), {(1.3)
k=0 « (%H)K CK(IP) k!
where B2 X'X, T, denotes summation over all partition « ={k, ky,... k), kyzky= >k,=0 of
k., where a partition « of k is written as k =k, k,,..., ), where L.k, = k with convention unless otherwise
stated, that k| » k,= -, where k, k,,... are nonnegative integers. and C (A} is the zonal polynomial of

A corresponding 1o x, if the series of right hand side of {1.3) is convergent.

Theorem 2. Suppose that X€ VS, , and X processes a density f(tr(X'X ) for some scale function f.
Suppose for any positive k,

Jk:f f(z)z"P/27 " dz <o,
0

Then the c.f. of X is

e /2 ] oy

¥
I'(znp) 2o (%np)“{ik!

(-4 w(T'T))", (1.4)

where a*) = ala + 1) -+ - (a + k — 1), if the series (1.4) is convergent.

The proof of these two theorems will be given in Section 2. By Theorem |1, if we can evaluate EC (B)
(BLX'X), then we shall obtain the c.f. of X.

Applying Theorems 1 and 2, we can find the c.f, for many useful spherical matrix distributions; such as
the uniform distribution on V, ,, Kotz’s type spherical matrix distributions, Pearson type II spherical
matrix distributions. These results will be presented in Section 3. The definitions of these subclasses in
vector case can be found in Fang, Kotz and Ng (1990).

In this paper, all of notations remain the same as those of Fang and Zhang (1990). Here,

JFlay,....a,; by,..., b X)is the generalized hypergeometric function of matrix X,,, argument, ie.,
- (ai)n: “'(a«")nc CK(X)
JFlag...asb,.0.,b0 X)= . , 1.5
L l ) kgﬂg (b (8 k! (13)
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where ¥, denotes summation over all partition « = (k|, ky,..., k), ky2ky2 - 2k, 2 00f k, C(X)
is the zonal polynomial of X corresponding to « {cf. Chapter 7 of Muirhead, 1982) and the generalized
hypergeometric coefficient (@), is given by

(@)e=TT(a=3G-0)""  (@=1. (16)

There are many results about the hypergeometric function of matrix argument in Chapter 7 of Muirhead
(1982).
Denote by I p(%n) the multivariate gamma function which is defined as

P
L(a)= jAmetr( ) 141" (dA) 2 eV (@ = 3= D)),

where Re(a) > 3(p — 1), etr(+) = exp(tr(+)), and the integral is over the space of positive definite p X p
matrices. Besides, B,(n;, n,) denotes the multivariate beta function and B,(n,, n,) =
L) (ny) /Ty + ny).

2. Main results

In this section, we first give a different form for (1.2). We then prove Theorems 1 and 2. The uniform
distribution U; on ¥, , plays an important role in the theory of spherical matrix distributions, Zhang and
Fang (1990) obtained the c.f. of U, is

oF\(ins —3T'T). (2.1)

Proof of Theorem 1. Let X< LS, with a density f(X'X). By (1.1) and {2.1), we have
E etr(iT'X)
= FE etr(iT'U,4) = E etr(i(TA')U,)
=E, oFi(3n; ~4AT'TA'Y =E ,F\(3n; —{T'TA'A)
=Ep oF\(3n; —iT'TB) (by Theorem 3.4.2 of Fang and Zang, 1990)

@ 1 1 ,n,pn/z nmpeiy/2
=Ly T T el BT BICA AT TE)E)
=0 x 3 . P
(by Theorem 2.1 of Xu and Fang, 1990)
® 1 1 C (—iT’T) whns?
- o [ cuB | B1"~PD2(B)(dB
Ly m T e Jys € e F(B)(dB)
* 1 1 C(—%T’T)
=y 2 e EC(B). O
kgﬁ K (%H)K Kt CK(IP) ( )

Remark 2.1. Let us consider the convergence of the series. It is known that the hypergeometric function
JFlay,...,a,,; b,,...,b; X) is convergent for all X when r<s, and A(X) <1 for re=s-+ 1, where
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A{X) denotes the largest of absolute value of latent roots of X and X is a p X p matrix (cf. Chapter 7 of
Muirhead, 1982). Let

J " EC (B)
np = LM SUp ’
i ko (%H)KCK(IP)([,,J,)K

where /, , is a function of n, p, but it is irrelevant with &, and (., ) is defined in (1.6).
If there exists a positive number [, , such that
i 0< d, , <o, then the convergent radius is 4, i.e.; when A,(T'T) < 4, the series is convergent;
(i) d, , =0, then the series is convergent for all T;
(iii) d, , =, then the series is disconvergent except for T =0,

Proof of Theorem 2. Let X VS, with a density f(tr X'X). By Lemma 6 of Teng, Fang and Deng
{1989), we have

pn/2

EC(B) = [ | B17702f(ir BYC(B)(dB)

B>0Fp(%n)
w2 (3n), L(3n)
D) I'(ipn+k)

Ty CK(IP)'

By Theorem 1, we have

| C=4T'T)  mw/2(in),

(31} C(I)k! T'(3np+k)
g, CK(»-%T'T)

I'(3np + k) k!

Eetr(iT’'X) = i X oy C (1)

© wnp/?!o.k «
- Y (tr{ = 3T'T
Pt F(%np-i—k)k!(r( I'T))
w© 17""/20',‘ X
= kgﬁ Flhm T k)R (- H (t(rT)*
,n,,np/Z % Ty

= Z .
I'(zpn) 2o (%np)[k]k!

(-5 (u(r'TH*,

Let
X .,Tnpllo—k Lk
" T Y
and
a = lim sup Beot|_ lim sup Tkt 4 (3ap +k —1).
k—voo ay koo O

The series (1.4) is convergent for a =0, and disconvergent for @ = . When 0 <a < =, the convergent
radius of the series (1.4)is 1 /a, i.e.; when to{(T'T) < 1/a, the series is convergent and when t((T'T) > 1 /a,
the series is disconvergent. (O
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3. The c.f’s of spherical matrix distributions in some subclasses

In this section, we shall derive the c.f. of Kotz’s type, Pearson type II spherical matrix distribution. Many
detailed arguments about these subclasses have been stated in Li (1992).

Definition 1. Let X € LS, , with density function f. We call X to be distributed according to Kotz’s type
spherical distribution, if f is

FX)=C, | X'X|¥ P exp(—r(tr(X'X))’), (3.1)
where C, , is a normalizing constant, 2N +#n>p+ 1 and r > 0.

In Iyenger and Tong (1989), the c.f. of Kotz type distributions is obtained only for p=1and s =1. In
Li (1992), the c.f. of this subclass for s = 1 is obtained. In this section, we will generatize the result of Li
(1992) to the case of s > = by Theorem 1. At first we calculate EC, (B).

Theorem 3. Suppose that X is distributed according to a Kotz type spherical matrix distribution. Then
EC.(B)
({@N+n-p~1)) T3@N+n—p=1)p)I{[3(2N +n-p—1)p+k]/s}C,(1,)
F({2N+n-p-1)p/s)I[$(2N+n—-p-1)p+k|r” ’

where B % X'X.

Proof. By Lemma 6 of Teng, Fang and Deng (1989),
[ 1B|@Nnmem AR o~ (tr B)')C,(B)(dB)
B>0

(32N +n~p-1)), (2N +n—p—1))
- FE@N+n-p-1)p+k) 9 ClL,).

where g, is

r{[3(2N+n-p-1)p+k|/s}
sr @N+n=p—1)p/2+p}/s )
{cf. Section 3.2 of Fang, Kotz and Ng, 1990). With Lemma 6 of Teng, Fang and Deng (1989), we have

oo
°'k=f ZON+n=p=1p/2+k— 1 exp(—rz’) dz =
0

EC(B)= | B|@NFn=p= D2+ D/ exp( — 1(t1B) )C(B)dB)

/2
1"( ) T Jevo
w2/2C,  (3@N+n—p-1)) T(2@N+n—-p-1))C(1,)
r,(in) T(Z@N+n-p-Dp+k)

'F{[§(2N+n—p—l)p+k}/s}
r[(2N+n—p—1)p/2+k]/J
((2N+n— —1), T2@N+n—-p-1)p]r{[3(N+n- p—l)p+k]/s}C(I)
r{i@N+n—p-p/s]I[3@N +n~-p—Dp+ k]t

&

Using Theorems 1 and 3, we directly obtain the c.f. of Kotz’s type spherical matrix distribution.
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Theorem 4. Suppose that X is distributed according to Kotz’s type spherical matrix distribution. Then the c. f.
Of .‘Y iS
= r([32N+n-p-1)p+k|/s)
k=0 (}2N+n-p-1)p) ' F[L2N+n—-p—1)p/s]

1 > (32N +n-p-1)), ( 1 T‘T)

L3 (%H)K " 4 p5 )
The series (3.2) is convergent if s >} and disconvergert if s < }; when s = L, the convergent region is {T"

AMT'T) < Vr).

(3.2)

Proof. The expression (3.2) follows by Theorems 1 and 3. We discuss only on the convergent region of

series (3.2). For any ¢ >0, A (T'T/(A, +¢e)) <1, where A, and A (A) denote the largest of latent

roots of T'T and A, respectively. The hypergeometric functions of matrix argument o F ;(%(ZN +n—p—

1), ; 3n; T'T/(A, + &) is obviously convergent for all T. Let a, denote
M{[32N+n-p-1)p+k]/s)

(BN +n=p-0)p) I}V +n-p-1)p/s]

1 > (;(2N+n-p-1)), 17T
k! - (-zl"n)K "(_Z re )
Then for any £ > 0,
r{[32N +n—p-1)p+k]/s) LA, +e\*
A = 1 (%] 1 F( 43 )
(3@2N+n-p-1)p) T[32N+n—-p—-1Dpss] k' 4
> (32N +n-p-1)), T'T
K (%n)x « Ayte
rs2N+n-p—1)yp) +k]/s) 1 (,\14-8)*
< F— -
(2N +n-p-)pYIr[i@N+n-p-1)pss] kI\ 4
. i (GeN+n—p-1) 14 C(-T'T/(} +¢))
k=0 « (%H)K kt
1 1 ! T’T
=2F1 N+3n—5(p+1),1,5n;/{1—+£
I'{[z(2N+n—p—1)p) + k] /s} 1 (Ai+s)k
(1N +n-p-1)p)r{s@N+n-p-1)pss] k'L 4 |7
Silimar to the proof of Theorem 2.1 of Li (1991), we obtain
i 32N +n-p—1)p) + k| /s) ‘mlw(.ll-i-e * (33)
k20 (3@N+n-p - r[32N+n-p—Upyss] k'L 4r°
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is convergent for s > £ and disconvergent for s < 3. When s = 1, the convergent radius of series (3.3) is Vr.
However, we notice C (T'T) is svinmetric, homogenous polynomial of degree k in the latent roots

Ayz -+ 2 A, Therefore if we take Ay = -+ =1, =0, a, reduces to
, r{[42N+n~p—1)p+k|/s) (L2N+n-p- 1) 1 (,\, )*’ )
OB eN +n—p - 1)p/ss) (22N +n-p—1yp) KA -

By the proof of Theorem 2.1 of Li (1991), we can obtain Xy.,b, is convergent for 5> 1 and
disconvergent except A, =0 for 5 < ;. When 5 = 3 the convergent radius of series L3 _,by is Vr .

By the arbitrary of & and the above discussion, we have the series (3.3) is convergent for s > 1 and .
disconvergent except A, =10 for s < 4. When s= %, the convergence region of series (3.3} is (T:_
A(T'T) < vr). The proof is complete. O

Definition 2. Let X & LS, , with a density function f(X). If fX)is
FX)Y=C, JI-XX" "7 0y ¥<l

p!

m>i(p-—1),

where C, , 18 a normalizing constant, then we call X to be distributed according to a Pearson tvpe II

spherical matrix distribution.

By Li (1992), the distribution of B 4 x'X is matrix beta distribution with parameter {# and m. By
Corollary 7.2.11 of Muirhead (1982), we obtain

(z1).

ECB) = v my

Co (L),

Therefore we can derive the c.f. of X is (F(m + in; — LT'T) for any T.
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CLASSROOM NOTES

Eprten Y MURRAY S. KEAMKIN

This section contains brief notes which are essentially self-contained applications of mathematics that can be
used in the classroom. New applications are preferred, but exemplary applications not well known or readily
available are accepted.

Both “modern™ and “classical” applications are welcome, especially modern applications fo current real
world problems.

Notes shouid be submitied to M. S. Klamkin, Department of Mathematics, University of Alberta, Edmon-
ton, Alberta, Canada T6G 2Gi1.

A COMPLETE RUSSEL’S METHOD
FOR THE TRANSPORTATION PROBLEM *

TZE-SAN LEE!

Abstract. This note presents an algorithm which is a completion of Russel’s method for generating an
initial feasible solution of the transportation problem when ties occur in selecting the basic variables.
Interestingly, as a test problem shows, the initial feasible solution obtained by this complete Russel’s method
turns out to be the optimal solution,

Key words, Russel’s method, transportation problem
AMS(MOS) subject classification. 90

Introduction. When solving the ransportation problem, it pays to generate an
initial feasible solution which is as close to the optimal solution as possible, Several
methods have been proposed in the literature for such a purpose. (See, e.g., Dantzig [1],
Reinfeld and Vogel [3], and Russel [4].) Among them Russel’s method is probably the
best one for the following reasons: (i) it generates a near-optimal initial feasible
solution (Russel {4]), and (ii) it simplifies the overall computer code to program it
(Hillier and Lieberman [2]). However, the original Russel’s method is regarded as
incomplete because it did not take into consideration the case in which ties might occur
in selecting the basic variables. In this note we present a complete Russel’s method for
the transportation problems.

Statement and solution. The general transportation problem is concerned with
distributing any commodity from any group of supply centers, called sources, to any
group of receiving centers called destinations, in such a way as to minimize the total
distributioncosts. Suppose that source i (i=1,2,---,m) has a supply of a; units to
distribute to the destinations, and destination j (j=1,2,---, n) has a demand for b,
units to be received from the sources. A basic assumption here is that the cost of
distributing units from source i to destination j is directly proportional to the number
distributed, where ¢, ’ denotes the cost per unit distributed. If we let Z be the total
distribution cost and x;; be the number of units to be distributed from source i to
destination j, then the linear programming formulation of the transportation problem
is given by

. mon
(1)  Minimize Z= Zl P
i=1 j=1

Xij

*Received by the editors March 8, 1984, and in revised form December 1, 1985.
TDepart::nent of Mathematics, Western Illinois University, Macomb, Ilfinois 61435.
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subject to
L
(2) Z);U=a, fori=1.2,-+,m,
i=1
(3) 2. x,;=b, forj=1.2,-.n,
i=1
and
€)) x;;20 for all i and j. x,; are integers.

Assume further that the total supply must equal the total demand, i.e.,

(5) E a= Z bf
i=1 i=1
A transportation problem is said to be balanced if (5) is satisfied.
The idea of Russel's method lies in expioiting the dual structure of transportation
problems. Let u; and ¢, denote the dual variables. Then the dual problem of (1)-(4) is
given by

” H
(6) Maximize W= 3 au+ 3 by,
{0 : .
ot i~ I
subject to ute e,

u,z0.¢,20 forall iand j.

Set &,;=c¢;;—u,— v, By examining the simplex tableau, it is easily seen that if x;, is a
nonbasic variable, A, is interpreted as the rate at which Z would change as x, is
increased (Hillier and Lieberman [2]). Undoubtedly, in order to minimize Z, one would
like to choose w, and v, so that 4, is as negative as possible and then make x;; active.
A complete Russel’s method can now be described as follows:
Step 1. Calculate the quantities i, ), and A, ; using

(7 U= 12@;{"{%} fori=1,2,--,m,
(8) 5J=121Xm{6”} for j=1,2, -, n,
and

(9) A =c,;—u,~0, foralliand j.

Step 2. Select the variable x;; having the most negative value of A, ;- 1f there are
ties in the value of 4, , select x;; with the smallest unit cost ¢, ;. If there are ties again in
the value of c;;. select x;; with the largest amount of remaining source supply or
destination demand.

Step 3. Set the activity level of x;; equal to the smaller value between the source
supply &, and the destination demand b;.

Step 4. Subtract x,; from a; and b; found in Step 3. Eliminate from the transpor-
tation table the row or column that results in a zero source supply or destination
demand after this subtraction. Stop if all a, (i=1,2,---,m) and b; (j=1,2,---,n) are
zero; otherwise go to Step 1.
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Application. Using Example 8-1 of Wu and Coppins [5] as a test problem, the
transportation table is given in Table 1.

Tanre 1
Destinations
1 2 3 Supplies
@ 1 22 21 24 250
5 2 13 1.9 21 300
3 3.0 32 36 200
Demands 190 240 320

Let A, ; be defined by (9). Then it is easily shown that

=-320, &,=-3.50, = 3,60,

KH E13
E21=——3'30a A22="3-40, Z23”*3.60,
Ay & A

=-3.60, A,=-3.60, A, =-3.60.

Notice that A;;=A,,=A,, =A,,=A,,. By Step 2 of the complete Russel's method, the
initial feasible solution is obtained as follows:

X33=300, x4;=190, x3,=10, x;3,=20, x,=230,
and all other x,;’s are zero.

After being checked by either the MODI (Modified Distribution) or the Stepping-sione
method (Wu and Coppins [5]), the above solution can be shown to be the optimal
solution. Incidentally, none of the initial feasible solutions obtained by the other
standard methods are optimal.

Acknowledgment. The author is indebted to the referee for comments which greatly
improved the presentation of the paper.
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ABSTRACT

This doctoral dissertation introduces the concept of integrating operation/task scheduling with ma-
chine tooling in production invironments with flexible machines. Two examples of such production
environments are manufacturing systems with flexible machines, and computer systems where the
computers and associated equipment are inherently flexible, A machine is flexible in that it can per-
form a variety of processing tasks, and can be used in place of several conventional (dedicated one-
task) machines. Existing scheduling theory pertains largely to scheduling environments involving
dedicated machines (DM), and as such may not be idrectly applicable to those involving flexible
machines (FM).

To address FM scheduling more appropriately, a scheduling conceptual framework is presented that
introduces the notion of a “scheduling entity” which links the “capability” of the production system
with the *“needs requirement” of the jobs. A succinct classification of DM and FM scheduling prob-
lems has also resulted from this framework.

Several new FM scheduling problems, identified from the above classification, are studied with re-
spect to the makespan minimization criterion. To solve these problems, we develop the integrated
strategy which is based on the observation that if tools are allowed to be exchanged during the produc-
tion cycle (corresponding to in-process magazine setups), an otherwise idle flexible machine may be
set up with new tools to process waiting jobs. In contrast, the predominant sequential strategyreported
in the literature does not allow setups once production commences. To compare the two strategies. we
present a “strategic analysis” framework which allows us to know under what condition — in terms of
the number of setups required, and the setup times — schedules obtained by integrated strategy may
be better than those obtained by sequential strategy. Besides ndicating whether a sequential or an
integrated scheduling strategy is more likely to produce a bigger schedule, the strategic analysis frame-
work also allows us to evaluate alternative system configurations and tool management systems from
a scheduling perspective.

Computationally, a FM scheduling problem becomes more complex when the integrated strategy is
adopted -- problem which are polynomial-time solvable when the sequential strategy 15 assumed.
become NP-complete. Nevertheless good heuristics may be designed. Specifically, in this disserta-
tion, we develop heuristics for FM scheduling problems where there are few machines involved and
the material handling system does not impose and scheduling constraints. We also perform worst-
case analyses of these heuristics,
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The oretical analysis shows that if the setup time is smaller than some threshold value, then inclusion
of some in-process setups may increase machine utilization and result in schedules with shorter
makespan. In our computational experiments, near-optimal schedules obtained by our heuristics con-
firm this analysis.

The insights gained from this dissertation suggest that the flexibility features inherent in a capitai-
intensive flexible machine may be more effectively captured to enhance its utilization when the tool
management system can be integrated with the scheduling process. In general, when the number of
machines increases, schedules with setups will perform better. On the other hand, when the number of
jobs increases, the operations tend to become more evenly distributed among the machines and the
benefits of having setups may be small. Also, if the total processing time of a joblist is predominantly
defined by one or two jobs, then the joblist will probably benefit more from including setups. Finally.
for scheduling scenarios with multi-operation jobs, those involving rigid precedence relations among
operations will tend to benefit more from the use of setups.

I Current Status (Jan 1992): Senior Manufacturing Engineer, Alcoa Technial Cener, ATC-B-MMS,

100 TEchnical Drive, alcoa Center, Pennslyvania 15069, U1.5.A., Tel:(412) 337-1043; Fax : (412)
337-4520; E-Mail : lee@aloca.com
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ABSTRACT

In electronic assembly industry, the machines used are often, by themselves, automated. However,
there seems a lag in the mechanization of materials handling which remains rather labour intensive.
Apart from incurring high labour cost, this will, inevitably introduce human entrained contaminations
which may lead to poor quality and inconsistent product.
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This paper describes an automated matetials transferring line implemented in a local electronic
assembly company. The process involve mechanizing the materials handling operations between the
machines, and integrate all the various operations to achieve an “Automated” assembly line.

Since implementation, the feedback has been very encouraging, output has increased and the level of
contamination has decreased. The payback period for this project is very short since the assembly
workforce on the line was reduced by more than 60%.

1. INTRODUCTION

Ever since the invention of transistor by Shockley and his associates in1947, the size of the transistor
has undergone very drastic changes. Around the early 60’s, Texas Instrument and Fairchild semicon-
ductor introduced the idea of the integrated circuit. This enabled electronic circuits with tens of
transistor to be created on a single piece of silicon no larger than 50 mils square. With improved
manufacturing techniques, the same piece of silicon could accommodate a few hundred MOS-
transistors by the early 1970’s. The introduction of VLSI (Very large scale integration) technique and
submicron connecting metal paths, the density of ICs is definitely going to increase further.

Be it a humble transistor or a complicated VLSILC,, they are too small to be handled by the human
hand and too difficult to be connected electrically to the supporting electronic components, To
overcome this problem, the transistors or the ICs are placed inside suitable packages with strong metal
leads which can be soldered to other components. Cerdips are used for high-end products which require
hermetically sealed packages.

2, CURRENT ASSEMBLY PROCESS

The current assembly process used for the cerdips can be briefly categorized into:

a) Frame-attach and glass glazing
b) Die-attach

¢} Epoxy cure

d) Lead-bond

e) Cap-loading and final seal

Most machines used in the above mentioned processes are highly automated. However, the transferring
of materials between processes remain rather labour intensive. The tight labour market and escalating
wages thus prompted the management to upgrade and automate.

3. DESIGN AND IMPLEMENTATION OF AN AUTOMATED MATERIALS HANDLING
SYSTEM.

3.1 Basic design Considerations

Before the design of an automated materials handling system, a number of problems have to be
overcome. The cerdips themselves are very delicate and care has to be taken in order not to damage
the I.C. die and the wire bonds of the cerdips during transfer, The weight of the tray or magazine
has to be considered too as this will affect the mechanical transfer mechanism used during
automation. Typical weight of a tray is about 0.5 Kg.

462



As shown earlier, the loading and unloading of the trays into the magazines in between processes
are very labour intensive. A costeffective and time saving method, during work-in-process. would
be to discard the use of the magazine which holds several trays in between processes.

Space constraint of the assembly line is another factor to be considered. Generally,
electronic-assembly machines are located very close to each other, thus overhead materials
handling system will be a prime candidate. It can either be an overhead conveyor belt system or
overhead gantry robots. Buffers are needed at strategic places in order to cater for machine
stoppages and to ensure a smooth material flow during assembly.

Finally the ease of machine maintenance has to be taken into consideration. The design of the
material handling system should not hinder the access to the machines for routine or breakdown
maintenance.

3.2 Types of materials handling
Three options were considered:

a) Gantry robot - this gantry robot will serve all the identical machines, loading and unloading
the trays and delivering the finished trays to the buffer prior to the next process.

b) Individual transfer robots - A conveyor-belt system will be used to convey the trays from the
buffer to the individual robots. The individual robots will in turn transfer the tray containing
the cerdip from the conveyor belt onto the buffer of the machines and return the finished tray
onto the conveyor belt, A paraliel conveyor-belt can be used for the incoming and outgoing
trays.

¢) Conveyor-belt system with loading and unloading mechanisms - conveyors will be used for
the incoming and outgoing trays. Loading and unloading mechanisms will be designed to
transfer the trays from the incoming conveyor onto the machine input buffer and the finished
trays from the machine to the outgoing conveyor-belt. Cylinder or chain system will be used
during loading and unloading of the trays.

However, due to space constraint, the gantry robot may have to be suspended from the ceiling, thus the
weight of the gantry robot may present a problem. Furthermore the speed required to serve the bonding
machines may not be sufficient. The cost of installing gantry robots is also high compared to other
methods and it is also rather complicated to maintain the gantry robot.

To install individual robots to serve each machine is not cost effective, the space constraint does not
permit the installation of individual robots. Furthermore, the loading and unloading requires only
simple pick and place sequence and the using of robots is wasteful.

The conveyor system is the simplest to install and the cheapest of the lot. It can be an overhead or table
top conveyor system, thus eliminating the space problem. Loading and unloading can be achieved by
chain system or walking stick system at each machine. Based on the cost of the system and the space
constraint, the conveyor systern with chain loading was selected for the automated material handling
line.

463



3.3 Current automated materials handling system

Figure 2 shows a schematic diagram of the proposed materials handling line. The proposed materials
handling line was implemented in 2 phases; namely the front auto line and the middle auto line. Middle
Auto Line

The middle aato line consists of a two-tier conveyor for separate in-coming and out-going trays to the
wire bonding machines (Fig. 3).

The trays, after leaving the curing furnace, will be automatically transferred to an elevator by a short
take-off conveyor. Atthe top of the elevator, a transfer mechanism pushes the trays to a buffer and onto
connecting conveyor. In the event of an oversupply of trays, the transfer mechanism on the glevator will
automatically direct the trays into a buffer.

At the other end of the connecting conveyor, another transfer mechanism transfers tray by tray out onto
the in-coming conveyor belt to the various machines.

The in-coming conveyor system is moving continuously and supplies the trays to the machines as and
when required. At the input section of each machine, a mechanical transfer mechanism pushes a tray
onto a loading elevator when required. This loading elevator delivers the tray onto the machine. Sensors
are attached at different points to detect supply of tray to the loading elevator.

When the tray leaves the machine on the other side, the unloading elevator will transfer the tray onto
a top platform. A sensor will then check for any oncoming tray before a pushing mechanism pushes the
tray onto the out-going conveyor belt. One set of loading and unloading elevator is required for every
machine, :

The out-going trays are transferred onto another buffer before being loaded for subsequent process.
Sensors are lovaied on the system for control and feedback. The entire middle auto line is controlted
by a master programmable logic controller (PLC) while loading and unloading to each individual
machine is in turn controlled by individual PLC’s with feedbacks to the master PLC. This arrangement
greatly simplifies the programming of the PLC and the amount of hard-wiring otherwise.required. A
schematic layout of the line using multiple PL.Cs is shown in figure 4.

FRONT AUTO LINE

The front auto line was embarked upon the completion of the middle auto line. In order to further reduce
the dist contamination, the front auto line consists of a two-tier mechanical transporter system for
separate in-coming and out-going trays (Fig. 5)

Trays from the frame cut machine will be automaticaily transferred onto a conveyor belt and then onto
the elevator. At the top of the elevator, it is transferred onto the in-coming mechanical transporter. The
in-coming transporter distributes the trays in lots of 4 to the die-attach machines as and when required.
At the input section of each die-attach machine, a loading elevator delivers the trays onto the machine.
Sensors are attached at different points to detect the supply of trays to the loading elevator and the die-
attach machines. In the event of an oversupply of trays, the in-coming mechanical transporter will
automatically unload the trays into the buffer.
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At the output end of a die-attach machine, a conveyor will deliver the trays to an unloading elevator.
At the top of the unloading elevator, it is transferred to an out-going mechanical transporter. The
outgoing trays are then transferred to another conveyor cum buffer before being loaded automatically
into the curing furnace and onto the middle auto line. One set of loading and unloading elevator is
required for each of the die attach machines. The entire front end auto line is controlled by asingle PLC.

4. CONCLUDING REMARK

The complete automated materials transferring line has been successfully implemented and trial run.
Figure 6 shows a schematic diagram of the completed line. Minor adjustments and fine tunings were
done during the trial run period. The system has since been fully used in the assembly of the cerdips
and the feedback has been very encouraging. The output per day has increased substantially and the
level of contamination has drop due to less human intervention. Most drasticaily of all, the number of
workers working on the assembly line has been slashed by over 60% since the completion of the
automated material transferring line. The period for the automated materials handling line is estimated
to be about one year.
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Title of Thesis : Deformation of Partially Prestressed Concrete Beams Under Service Loads

SYNOPSIS

The development of ordinary reinforced concrete was based on the concept of combining two materi-
als, with concrete which is strong in compression and steel resisting the tensile stresses. Cracks there-
fore can normally be observed in such beams. Prestressed concrete was later introduced as a new
material which put concrete into precompression by tensioning steel, so that it could resist both the
tensile and compressive stresses. In these beams, no tensile stresses occurs and therefore no cracking.
But there are many disadvantages associated, such as more expensive material, long term creep and
deflection etc.

Partially prestressed concrete occupies the complete spectrum between the two extremes. 1t combines
the merits of the two and is also commonly known as cracked prestressed concrete beam.

Currently there is no clear guideline in the international code of practices on the design of the cracked
prestressed concrete beams. The existing design references are either based on the conventional rein-
forced concrete theory or on the homogeneous fully prestressed concrete theory. Lack of such guide-
lines is commonly known as the main reason for the slow acceptance of partially prestressed concrete
in design. Serviceability criteria such as short and long term deflection and cracking are the main
concern amongst the designers.

A research programme was thus carried out to study the service-ability behaviour of partially pre-
stressed concrete beams under long-term and short-term loading.

A theory was established and an analytical method was developed for calculating deflection of cracked
prestressed concrete members by integration of curvature and taking into account the tension stiffen-
ing effect of the concrete between cracks. This was also extended to predict the long-term deflection
by considering the effect of creep and shrinkage in the analysis of the cracked section.

469



A series of full-scale partially prestressed concrete beams with varying parameters were also tested in
the laboratory to study thebehaviour of these beams under cyclic and long-term loadings and to verify
the results of computer models.

Amongst the results of the experimental and analytical studies, it can be concluded that:

1)

2)

3

4)

5)

6)

7

The increase of short-time deflection between SO and 100 percent of the service load was
greatest in the first cycle and became approximately constant after two or three cycles.

The residual deflection increased with decreasing increments after each cycle of short-time
load. Only part of this increase was recoverable with time.

The deflection under long-time loading was increased by the residual effect of intermittent
cycles of short-time load.

The form of the deflection resulting from the combined permanent and intermittent short-time
loading appears to be similar to the sum of the deflections due to the two types of loading
applied separately.

Deflection measurements from the experiment agreed with the deflection calculated by the
integration of curvature values derived from the strains measured on the surface of the beam
over the whole beam span.

An analytical calculation of the short-time deflection according to the British code gave good
agreement with the test results for values of beta between 0 and 0.3

Better agreement of analytical and experimental results could be obtained by the introduction

of a factor to represent the non-recoverable residual deflection after successive cycles of short-
time {oad.
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INTRODUCTION Lee Poay Kok

The increasing number of tubular steel structures installed in deeper water and more hostile environ-
ment in recent years has fuele much needed research into the static and fatigue behaviour of welded
tubular joints. Offshore structures are normally fabricated from tubula rmembers welded together in a
variety of forms, normally classified as T, Y, K, TK etc. Steel tubes provide many advantages in the
form of efficient usage of material, low drag resistance and can also be used as a buoyancy ageni.
during transport and positioning of the structures. Unfortunately, the very natare of their form im-
poses differential stiffnesses along the line of intersection of the tubular members giving rise to highly
localized stresses, known as hot-spots, which invariably are also regions most susceptible to fatigue
failure.

The fatigue life of tubular joints is primarily controlied by the initial hot spot stress or strain range.
Investigations of joint behaviour under static behaviour have thus been concerned with the measure-
ment or calculation of the stress or strain distributions and their dependence on loading configuration.
joint type and geometry. Perhaps, a more important aspect of this is the measurement and prediction
of stress and strain concentration factors and the generation of parametric or semi-empirical formulae
for the determination of the hot spot stress or strain.

Factors influencing fatigue crack initiation and fatigue life include the joint geometry, size. weld
condition, load type and environment. The fatigue process is less affected by the ever-changing stress
pattern. Thus, although, the controlling variable is the initial hot spot stress or strain, and it is against
this that fatigue data is correlated in the S-N curves, stress or strain.

Factors influencing fatigue crack initiation and fatigue life include the joint geometry, size. weld
condition, load type and environment. The fatigue process is less effected by the ever-changing stress
pattern. Thus, although, the controlling variable is the initial hot spot stress or strain, and it is against
this that fatigue data is correlated in the S-N curves,s tress or strain development during the crack
propagation period will provide the necessary information on the influencin gnature of other param-
eters, upon which remedial action may be taken to enhance the fatigue strength of tubular joints.

The primary aim of this study then, was to fully investigate the possible benefits of stress-relieving
tubular joints and to quantify sach benefit in terms of increases in allowable stresses. To provide a
controlled comparison, test were carried out on a pair of overlapped tubular TK-joints where the only
variable was the stress-relieving of one of the joint.
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ABSTRACT

Conventional Viewdata systems (like Beriteks) have two main drawbacks. Firstly, they store informa-
tion in a hierarchic structure which may be more naturally held as a network. As a result, a user may
find himself forced to search through the structure in an illogical fashion, Further, the information
provider, who is expected to supply not only the data but also its structure is given very little aid.

My dissertation describes a modified Viewdata system running on UNIX operating system. and its
assiociated hierarchy specification language LVPREP. Information can be structured as “natural”
network but is presented to the user s a logically consistent hierarchy. The LVPREP Language offered
formal assistance for the specification, development and maintenance of the information network
structure. The system structure has been in use since.

INTRODUCTION

Viewdata is the generic name given to a branch of communication and information technology initially
brought to the public by The Post Office in United Kingdom. Viewdata which uses existing telephone
lines to transmnit information is referred to as a wired-teletext system (like Telita in Malaysia). The other
type of viewdata is the broadcast-teletext system like Beriteks. It uses the television screen to display
a page of textual information. The page of information is built up fom previously unused sections of
the television carrier which holds the normal television picture.

Viewdata systems, such as Malaysia’s BERITEKS form one of the major man-computer interfaces in
everyday use throughout the world. These systems all share one factor in common — their nse of a
hierarchic information structure, which presents a menu driven interface to the user. Information, held
as “pages” by these systems, can be accessed eitheer as part of the hierarchic structure or directly via
page numbers,
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Information is located by following a path through the hierarchy, guided by routing and indexing
information held on other pages. As the user works through the indexes, he gets closer and closer to the
required information. The hierarchic structure can be thought of as a tree. The user starts at the rootof
the tree and traverses its branches towards the relevant information. However, if the information the
is scattered on different branches of the tree, the user must repeat the search on each branch until he
found the information,

The emphasis of viewdata systems has always been on the simplicity of the system for the end-user —
enabling him to grasp the commands easily and to become acquainted with the system quickly.
However, the number of pages now available in any of the Viewdata system is thousands. The
management of such a vast number of pages is as horrendous task. This is especially true to big

information providers who have to maintain hugh database. To overcome these problems, I have
developed a specification language called LVPREP which provides a formal mechanism for the
specification and development of page structures in Viewdata system. This language also taking
advantage of the memory management system in UNIX Operating System.

The actual dissertation is divided into four sections. I only present an overview of the LVPREP Formal
Language, a mechanism for the specification and development of page structures in the moditied
viewdata system.

LVPREP - A Formal Language for the Specification and Development of Page Structure
INTRODUCTION

Viewdata research has always been aimed at the end-user with little assistance to the information
provider. When a page is added to a viewdata structure, there is normally no assistance in placing the
page, or assurance that the pages referenced by the new page do exist. In actual systems, there is a great
deal of cross-referencing across the branches. When a new page is added, previous cross referencing
can be forgotten, resulting in apge which is either over or under referenced.

I'now outline the LVPREP Language, which offers formal assistance for the specification, develop-
ment and maintenance of page structures.

The LVPREP Langguage

Perhaps the best way to introduce the LVPREP Formal Language is by means of an example. A full
specification of the syntax of LVPREP is given in Appendix I, The most basic unit of the lan guage is
a page. The declaration of a page is shown below — we will use this example to highlight the
constructions available within the language.

pagename RTM;

indexline “RTM TV programmes”
[

big “RTM TV” ;

TV Programmes on RTM tonight -
Select 1 for RTM 1

2for RTM 2

1

e ol
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9. peints to TV3;
10.points at by TV Entertainment;
11.endpage RTM;

Line 1 shows the “pagename” statement. This allows the user to give each page a symbolic name that
he canrefer to throughout the specification. line 2 gives the index line that should be used to described
the page.

The opening square bracket on line 3 indicates the start of the data we wish to be presented to the user
when he selects the page in question. However, LVPREP statemnents can still appear within the data.
A special example of this appears on line 4 — the ‘big’ statement is a formatting directive which
specified the string following it is appear in large letter at the top of the page.

Line 9 shows the usability of the ‘point to’ statement outside the data area. Line 10 introduces the
‘pointed at by’ statement which gives a list of pages that point at the current page. This is not strictly
necessary but assists with structure checking at the end of the compilation process.

It was decided that a two pass compiler will be needed in order to produce a database in a format sui table
to the Viewdata system. The first pass of the compilation process, a database is constructed with
contains all the structural information gathered from the LVPREP statements. Exhaustive analysis of
this database is preformed to ensure that:

eliminate ali possible syntax errors in the input text file

all declared pages {except the root page) are pointed at

all the pages specified as being “pointyo” exist

the “pointed at by” information matches the “point to * information
In this way, the network structure is verified.

L A

The next stage in the compilation process is to generate the viewdata database in suitable format. This
process is to convert all the pges specified in “points to” and “pointed at by” statements are written at
the end of every page.

This is system dependent and the current LVPREP compiler is based on the UNIX Operating System.
The compiler starts at the root page and gives each page one or more logically consistent page numbets.
In this manner, the page specifier is liberated from the task of ensuring each page is given a suitable
number.

CONCLUSION
The LVPREP Language provides a much needed formal definition of page structure for viewdata

systems. Tt is also a practical aid to information providers, alleviating them of tedious and errorprone
tasks and alerting them to any structural errors.
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A small Viewdata system is developed to apply the LVPREP language in practical use. Several text
files have been designed specially to test all possible syntax errors. It has proved to be more efficientand
user friendly to the information provider. With the support of structure page numbers, it has simplities
considerably two main aspect of viewdata systems, the insertion and finding of pages. It not only
benefits the information providers also the general users in retrieving information.

The UNIX operating system has proved a valuable assistance in this Viewdata system. Not to mention
the “C” library routine “lint” and “adb” programming aids. In my dissertation, a sample session to
retrieve and generate information is outlined in details.

APPENDIX 1 : SYNTAX OF THE LVPREP LANGUAGE

Key to syntax:

<a> - denotes a variable

b - denotes a terminal symbol

<null> - denotes an empty variable

<a> = b<c> - means that variable<a> is made up from the terminal b followed by the variable <c>.
<x> = <a>/ <b> - means that <x> is made up from either <a> or <b>.

<x>=<a>/ <null> - means that <x> is made up from either <a> or the special variable <null>, which
means <x> would be empty.

<x> = a<x> / <null> - means that <x> is made up of no symbols (i.e. empty) or any number of “*a"s.
<String> is a sequence of characters which do not form a terminal symbol.

Terminal symbols are delimited by one of the following - space or end of line.

SYNTAX

<pages> = <page> <pages> / <page> end

<page> = <pagename> <datasection> <pageend> <pagefinish>
<pagename> = pagename <string>; indexline <string>
<datasection> = [<freetext>] ;

<freetext> = big <string>; <freetext> / <freetext>
<poinstohander> = points_to <pth2>;

<pth2> = <string>, <pth2>/<string>
<peintedatbyhander> = <pointed_at_by <pth2>;
<pbh2> = <string>

<pageend> = <poinstohander> <pageend>/
<pointedatbyhander> <pageend>

<pagefinish> = endpage <string>;

September 1985
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