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1. In the usual one-variate ceb-web model the producer U ses his

. fais
supply attime T (in the period + ) om ! knowledge of the
price at which the quantity he produced in the earlier period
was demanded in that period ignoring completely his knowledge of points

on the demand curve, in the earlier periods. This is not only

waste of information but may not.also be very rcalistic.

2, 1If, on the other hand, the price expected by the farmer at

time T is

s, = S(R) )

)

. Df = DL )
Wth DX (R R ) @

t T+ toy )

a]_.'td St -—D-[_' )

grAsimplifying.l )
D(P) =5 (g ¢ P *‘".'_*‘.i’)

3

. If linear demand and supply fuﬁctious

£ (_‘ ) = a-b ;1: .b >0 %)

: ) (3a)
)
and S (_ sz ) = K4+ 3 EDE: } }>L3 *

then equation (3) becomes

% These restricticnms are later dropped with certain modifications.
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- ) L. EE
a-b c e BL(gr-R)
The equilibrium price level is given by
YL G- ' ®
‘ b+ B '
1f e - a - P* denotes the deviation of fi from the

yuilibrium price, then equation (4) reduces to

bt = -PlE_*-" TR

(6)
[t coan be proved by the method of induction or otherwise that the
solution of (6) for given v is
n-t
ot
Pa® Sz I (rb-3)
LU - 18 (N

Honee it 1s evident that if

v

s . i L

rb =3 for any positive 1m:eger/\: then P, =0
for all Ny, or in other words equilibrium is reached at time
For this to happen it is necessary that \3 Z b.
If ‘3 -shb S ¢ a positive integer, then >

) M

does not become-zero for any finite value pf WM . If << 5§ <K+
then Y. changes sign\ till < k, and then has the sign of

Jat )
for all (;‘-!)’\Jf "r"o\’ Y N2k



N >3 -
ow Pr\: _LL _ﬁ: (i'b-]3)
MR e
N -1
ERP T (\_\*—53/'[))
—p . trr’ (8}

For 1—|3/b 70 tﬁis continued product is monot;onicnlly
decreasing in mag_di_:ude for sufficiently large v and since

E_J‘—-,dive_:r;g._e'srtp oo , tends to QO 8 n-Dg» @ This is
true so 1thg as \'3+-\;; SQor (3 >-b provided WH>0.
If g+b <o . when \y;%., then P, diverges
to oo, .. .

Hence provided S+bso equilibriuﬁ is reached whatover

the initia} value of the price, or there is global stability

of equilibrium. As stated earlier, if in

particular 3 = rbwhere r is a positive integer then the
equilibrium is reachid in v periods only.
3. . ' In the usual cob-web model with the supply and demand

. functions givén by (3a), the price behaviour around the equilibrium

. , *— - .
wvalue . P is given by

P{_ = ('_i_ )tl% ) C))
Hepgce when \'_’) Z2'b »c in the cob;web process, Pt‘ oscillates
infinitely as - C -0+ 'If o < 13 < b the cob-web process’ for
: P{_ . obcillates but tends to the equilibrium value. If
—b « 3<0<b then the cob-web process tends to the

equilibrium value monotonically.
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Whin tie behaviour of che eob=web prockss is compared with the Lehavicuvr

of the puonepna considered in section 2, referred to in this paper

an the Lim pe

it tae folloving results?

(unveightoed mean price expectation) process we

[

Ll e dko _ monotenically,

oacillates but

€. <, f;} < b converges. to zero. < dom
[ERR-N oocillates infinitely: -+ - = do = °
e - do ~ reaches equilibrium at time v
XY L popmmve : R SR

I inbuger, Bovb

" == T R
| voiven of - Y h “ Limiting behaviour of
~ : - te2d LOUES s

\ S ¥ 0dh-weh plrovess Wy Pe  process
I e CL\'\I(\ \= 3 o
| eemra e e - P4 ST SR T . S
( -
‘ i3 b diverges to o0 diverges to CQ or to oQ
P ™ uonotenically.. . menotonically. o
{ : .

- convarzes to D converges to O nibnotohically

enea the WY D@ process is a better stabilising process.than the

cob~wab proeess in thot

tattar. Gpe woolld also

it converges to equilibrium more often than the

expect that for values of \:J - -for which both

the proeatses converge the WM Je process converges faster than the

Lzt scetion showa,

ne -

sor=rel proeess.,  This, however, surprisingly does nct happen .as the

e L 02 dznote the value of P for the cob-web -process and P
o . : n - o nw

3

PLOnCSiLE coaverge vihen
L P

the velue of Ph for the \Wmpeprocess,  Both the

\ @F | <|- - We consider the limiting behaviour
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of lﬁ"'*/ﬁ.\ l for llj/b|<|-.
n-i
? i \ = __kb r'\l
I -:_\;,", I E '-"'3‘)‘ = LT Ji-rb | zu, 50
> Crzo ! "" I n!
TN 3 M. B (0.

The sequence Up dxverges when {|3 l<i for.
Wneifuw = 1931 31, G now
Hence when the col)—web process converges it converges
faster than the umlpg process., In other words when the supply
reaction coefficient is smaller in mapgnitude than the demand reaction
coefficient Markovian memory (memory of only the previous instant)

is a greater stabilizer than the non-M: kovian memory (memory of

all the previous instants up to the initial instant).

5. . If instead of using an unwéightédi mean i,arice one uses a
weighted mean pricg for thg expectation of the price for the aupplic:
and in particular with gejometrically decreasing weights N\ , ‘,\"I‘ Adete,
then equation (6) becomes ) )
th‘ r 3 Lﬁ:—\*'}‘ F;-_.f C a:‘,\*:-\ )
NERY- - -+ N auy

or b(\-/\t) a'*_ B2CG-N) L")t-l+>\‘?t-i - POAL"A) .

=1
When >\ -0 we get the cob-web model and whenswe get the
~

Umpe  process. It can again be shown by the method of

induction or otherwise that the solution of equation is given by

n-i
P, = POL—"- Lu)u-J.—)\ )—a*/bgz a2
rz=o TExe N
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for - the factor in brackets is — {3
=0 b
(x)ecan he simplified and expressed in the form: '
P,= B Ho (- "_‘: ‘,) (3 ..
Y " -
where % - LH—_]S)(_»-)\} >0 when 1+3 >0
. . P e b

sSthee |=AN2 0O,

To investigateé the convergence of the continued product in 13,

. consider

NG = (7 Zwn)) = i "
PI’\ l ,| ".)\ ' - 51\4\ (1‘!)
and ==, 1~ for A= | , vhich has

" ‘él'ready been considered.

The case of }\ =0 has also been considered.
For © $X<\ (i) P*\ divergzes (mono'tonically) wien 3. <o
that is when . \+B co . or B ._| .

‘ B b

H'\(-\\_. \
Note for /M > g P has the same =ign for
CT-A B '
sufficiently large n .
(ii) o diverges oscillatingly when y .>»>o it (= < -
n
or .S 2.
\ that is 1+ 13 )(")‘) S 9
(08

or 3 ! j:\ as
P > .
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(1ii) P converses to O when

n
Y. PO bul- ]-—)g'>‘—l
or Bl >-1 bulm < i+
, IEPN
When 3 > bY it converges oscillatingly and when
) T=A ‘
|3/ < A it converges monotonically.
b 1-A
(iv) When {~x = - or WM I
or 23 = 1&A
/b f—s
e N
™ - = +
j 'r\:'l = g

' ) -\ for flxed n
and '?hf =0 (ir :._)\,( )\h) and Pn H"el'an'cg}'r.\ su'cjh,

)\{ ANy converges.

gence P ¢onverges to Ci non Lcero limib
butoscillates | finitely,
- Thus in this case the convergencé or divergence when 3 S -\
. B
depends on the value of )\ . The larger the A\ (<)
the larger the range of convergence ‘a.nd. the smaller the )\
the smaller the range of cﬁnvergence. The range of
convergence common to all ‘the three .processcs is the
range given by —IJ < I?E &l . ‘
When [ - ,\L1+}\+--;—)\r'ythe win P2 process reaches equilibrium

in v steps.

6. To compare the speed of convergence of the wwmpe
Tumpe
process with that of the cob-~web a.nd theADTOCGSB in their

- ’
common range of convergence we again compre the relevant Ph 5,
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I’{'\!’lo s \.
The absolute<of (Dh' 5 for the WM™ pe process (in the
numerator} and thé cob-web progess is given by t Ul = ._. , ""(,_ )
‘ I=AT
Hence
h'll - .
((‘ = l ' Jl AHH)
—> | '%. O as n—es
{
[ (<t +X+Aby
= [ Ab. 0—;\3)\
i3
, an
b -
oA (T: +1) - o o /\'(% 1) >
\,\'hnsab . or converges to o . according as
A (b 1y 2
b | o

1f | A (I_3 <.|)! o ., then‘ uh —>o0 or
converges to (, - - according as

(b < 0.

. A L5 ‘+—|) S o} |
When both 5 and |3 >0 and |3 P : Lc\':h >1)
b =

Hence Lkh converges to o , - or diverges to = ,»_;accord'mg
as A (*'5 -\-\) <
or b 2 =A

.( - ————
g >



-J=

If b>o and 3< o and 3 ) or l?3<_,
i
/\(b»}-ﬁbm hence the same results as abave hold. In

" this case however since b ¢
. e

> 2-A
G * .

Hence 4y converges to zero.
resuir ol wmoe
Thue wa ge: when 1> L-A rocess converges T&
. 2 o« = /4 p g (o}

A

~equilibrivm fuster than the cob-web process and when ki > =5

the cnnverse holds.

7. When the ratio U, stands for the abbolute ratio of
the Ph"i for the w m pe process in the numerator
and the umpe Pprocess,

then

wn= 0|0 =Gr ) G-y

(18)
, — =N\ ' B
V- H__-_E/fv
"~ Hence ' n
IH s 1= N

h
where K:Q‘_%)LH)\) .

Hence as before if @g < "'"__i\)\ the process ‘A,
'~

converges to zero and if B_E; > A the process diverges
1- X
(3 < H—7\ iz the common range of convergence for the

TS
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W F.z anq, the o rnvp'e. processer and hence in this range the

wmp )
proceachonverges faster than the umpe process.
Further since {_\_. < “"7*, we have from the previous result and the
A- >~ .
present result when the cob~web process’

mh.E '
converges to equhl rxuerhﬁn the umype  process and the
\,{w\(ae. process converges faster than the wmp-e process. When

1IN BTN

than the cob-web preceass and the w mpe process converges faster

A < B4 < 14N the UmpPe process converges faster
than the Uumype process.

I1f |3 - 1+A the (om re and coeb-web process do not converge
-B / “‘)\ ) u
to equilibrium but the um Pe " . :process converges with the
" exception that if [E - Y where v " is a positive

integer the umpe process converges in finite time .
' . T \

8. In-the multi-market case in period enalysis the counterparts
of the equations for the. cob-web process with linear demand and supply

functions after simplification are

‘3 P{ -\-— CPt_\: (o)
(19)

[
vwhere P{, z \{.'-'Pk

and DV:OK"\S@{:
and Sk:ri—c_P:-



.l‘_.

vith PT_pP
with e = 't—l

and P‘t:(s"'C)“I(O(‘I—)'

* *
and - are
Pt - P&' s P
the price vector at time -t ., the expected price-vector

at time + s and the equilibrium price~-vector respectively.

The solution of (19) is given by

. -\t
Pe = 30 e . 20)
E ~ '
If the latent roots of 8 C are less than one in
magnitude then P'{': - p as Tt =0 or the process

converges to equilibrium. If the latent root with the largest
magnitude is greater than 1 in magnitude then the process diverges
and if it is ‘equal to one in magnitude then in general it oscillates
about the equilibrium value. For . if | and A

are the latent vector and latent root matrices of 13 {

md U dlcl =A
thea oo D (N)TLR T e
2 AN < <’['+t\gﬂp{__a,,, md if ANST the

process d‘i-‘verges. If /\K <T » the prdcéss oscillates
finitely about the equilibrium. 1f in particular B_‘C is
positive definite which follows when [3 and C are both
positive~definite, /\70 and is real and hence the "

' condition-for :convergence becomes the matrix /\—_T_' or 8 -
must be negative definite the conditions for thch can easily

ha wrirten down.
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For the Umpe Process, equations (19) are replaced by

’3F T C{ro+R+ +F )y=0 (2
=X - RP
X Blt_
- ~r
¢ = U R
*
Pt =

£ (R R+ )
D o_pr T

¢

and

Pe =
It can again be proved by the method of induction or otherwise

that the solution of (22) is given by

P, A, P
. n A Py . Y " (23)
where A P = :
. A, = ;\L‘. T -3¢
: t~o . .
-t -|
=0 (7- B+B<
; ‘ Voo L o]
It follows that -
: . ) ' ~\
TT+3EC
C A=A, (T-T2ER)
Let , -1 Re T T
B LA =T C]_*___T'.H\)
=c Lt o]
which is a diagonal matrix with
¥> =. rT_ — ‘4')\
S'n ( T )
Hence when the real part of it . |4.\6 Do . - for-all
) bsﬂ,~5o .. for all g°
or E ..Bh,"7 G ‘ S S h S
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and hence Pn —S o as N —> oo

Hence if ™M = - (T+ B"CJ is Routhian then
Ph=>° G h=> =

The necessary and sufficient conditions for M tobe

Routhian are that a positive definite matrix § can be found

such that S |3 is quasi negative definite.

-1
1f in particular (3 C  is positive definite then

I ‘f’/\>>°zmd hence
r o

8 no o

and hence the process converges provided ]:-t-/\ and hence
T B-‘C is positive definite, the conditicns for which
can be easily written down. A comparison of this result with
the earlier result for the cob-web process shows that the range
of convergence for the ur e process is very much greater than
. v the cobioeb protrt,
the range of convergencaZ. In order to compare the speed of

convergence of the two processes when thejﬂ converge we consider

. . - - ' '. -
the matrix ratio of the Bn S for the two processes.
, -

Un = (A" ID (& —I_ji\)] 2
r== 1
with the Ph'S © for the umpe  process in the numerator.
Each <2¢min the diaéonal can be treated separately. When
/\ < <\ o the two processes converges and '!,, diverges which

implies that the WrA|>€ Process converges to equilibrium more

slowly than the cob-web process.



T
8. For the muliti-market * ¢ smype process with linear demend and supply

functions we similarly have

By + C P+ AR + +X%
o A +N“'(—ml i ;:9" @)

Nis a seolar.

The solution of (27), it can be proved by the method of inductionl is given by

P - :ﬂ: iT_— (I‘FB"C)G-)\)P(za)

re - - = o>

Let A Q=X
ne i T -(I+8¢)0- XJ}

—)\")

where ‘ L__ and A .are as in the prev1ous section 1atent
vector and latent roots of ]3 C .
B, =LA =1 T - @ Ce) 0o,
‘ = Q=X Qg

As before each of the elements in the d:.agonal can be treated

separately. If the larvgest latent root. . of b C .is < ‘:)\ﬁhen
: b=
each of the elem‘_ncs in Bh tends to zerc: If the largest of the

elements of B L is > H"\>\ ‘then one or more of the-"elerments in
Bh — e Hence in the latter case A= . .
. It is evident that the speed of convs\rgenceo‘the Swmpeprocess can bhe
compared with thelspeed of convergence of the UAMmpe  and the cob-web
processes and the results in the one market case can :e"a:"sily be generalised

to the multlmarket case by comparing the behaviour of the largest

elements of : Bn in alil the three casas,

Swmpe ' . )
fscando for scolar weighted mean price expectat:.on prccess.
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Hence

As n =0 g —>

.

Again the process converges to equilibrium in finite time
-1
mly if 3 C

-
is diagomal ond equal to T A (+\+. +)\rj where
is a positive integer. Iy thae umpe ]2 oSy A=

. -
th{ H:'\M Ccv\cll *_IC'\" ?‘QduLQ_S ho !3 C=zrl.
{', the reaction coefficients instead of being in the form

o< A Vare given by the matrix |-<C where [

is positive definite with all its latent roots less than 1

in magnitude e'qu.ation (27) is replaced by

Bp, rC(ITiKr-+ 1<) P I P2
n .

=t

-+ IR
(30)
The solution of (30) it can be verified is given by
-}
- 1N - B >
R
. - "‘_‘
- T I+ +K
where Mr’“' :
and M,, = o
. n -1 — -l
- Pn = E My'—v (M"" (L+BC))P°
IS ) - -
- ['f: I - Mr_‘(_I 1'.‘3 C)) Fa
h r=i
= (r -C(E
=

< imEedo) & GV

th- hPo

where, /A ——_TJ_. C:E CT - 3<) CI“<)L1—*—B C))
and hence A’h

A (Z-(x-WMcT <) (z+8¢)

3v)

© - (C-IK) (L48¢)
=K - (T~)REC ;
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-1
If all the latent voots of |<¢ —{(I-1<)BCare less than
pne in magnitude then lAhl—y O as n-—pec .and if
one or more of the latent roots. are greater than one
in magnitude then mh' S Hence all this
applies to P - I+

n . —_
all the JalenTpoot=s of- 1< ~£-1<)37¢ are
less H«\an_o'rg_cvuualh I aand gne orgnore

are _1 then (pal—> afinite matrix.

-1 .
1f R L= ] e < then the process converges

to equilibrium in time ;. .

The speed of convergence of this process can be
compared with that of the multi-market cob-web and w "{l-’e

. mpe
and the scolarweighted L ' ' processes.

_ It should be noticed that when ]{:O » the above
process reduces to the multi-market cob-web process.
When K=t it .reduces to the Ump-<eprocess.
When < <A E: . ) i.t réduces to the s whptprocess.
The multimarket mode}s 'red'uge to‘the' sbingle market model
when +the Y |, +henumber of commodities considered is put

equal to ).



-17—

9. The generalisations of the above models to the continuous
case and the (mlse. (limited mean price expectation)
processes will be considered in another paper. Limited mecan
price expectation processes stands for processes of the above

type when
*

k.
Pt = g; Qﬁr“’r/{wr

where | is fixed.

- A\
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