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1. In the usual one-variate cob-web model the producer ·,; .5.:lS his 
1--

supply at time t (in the period t- ) on knowl~dge 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 r~alistic. 

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

time t is 

I(;>+-··· .-1~) 
t" ... 't-t (1) 

then the model is 

s-t: = ~(?:) 
)· 

) 

-=DlP) 
) 

Ot- t ) 
with :::>* -..L-l~ +·- -t-~) ) (2) 

It" - t t:-t ) 

and 
st C>--t; 

) 
-=-

or simplifying •. 

-0 1-p > -=-'-' (..L <_e -r \.. t- .. t t:. I 
(3) 

If linear demand and supply f~ctio~~ 

0(1~) -::. G- b ?t b ;:;o * ) 
) 

and s (_ ?t-) r:l-.-t-i3?c- j:?>o * ) 
) 

(3a) 

then equation (3) becomes 

* These restrictions are later dropped with certain modifications. 
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b o , (=' :r:) · a- \ -t- :.. rol... i- 13 t 1-t-_,..- - v 

The equilibrium price level is given by 

(5) 

If PI:" =· · ~ _ p *" denotes the. deviatioit of P. from the 
t 

quilibrium price, then equation (4) reduces to 

b t I~ :: 
I. (6) 

[t can b~ provad by the method of induction or otherwise that the 

solution of (6) for given Po is 

(7) 

H~nce it is evident that if 

. ,~ 

rb -=.j3 for any positive 1ntege\~ then 

for all V\ ~ t'" , or in other words equilibrium is reached at time 

For this to happen it is necessary that 

If a positive integer, then 

does not become zero for any finite value pf Y1 If k< s <.k+l 

then o changes sign till Y'l < k, and .then has the sign of 
rh ' . 

l<.f I p 
for all (_-I ) ·-r-o r c;. I\ n ~ k. · 
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Now 

(8) 

For t- J31b ;;>u this continued product is monotonically 

decreasing 'in magnitude for sufficiently ... ,1'~(' I' 

""' .L cU. verges to 
.L- y ... ·· 

, tends to (2) 
Q OS li -"7tA-. 

~tnd sincu 

This is 

true so long as i3 t-b ') oor i3 :;. - b provided b > 0. 

If when 'o :;> u , then P.., diverges 

to ob 

Hence provided >$ +-b>o , equilibrium is rcochud whntover 

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

of equilibrium. As stated earlier, if in 

particular t3 !:: r-bwhere 

equilibrium is re~·i:t.i.C! in 

is a positive integer then the 

periods only. 

3. In the usual cob-web model with the supply and demand 

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

value is given by 

t 
f' -= (- j3 ) 
t- b Po . 

in the cob-web process, f' t; 

(9) 

oscillates Helice when \3 ~: b -;. c 

infinitely as· · t" -'?do· 'If o ~ \3 < b the cob-web process· for 

p -b · oscillates ··but tends to the equili~rium value. If 

-I, < j3 <. 0 < b then the cob-web process tends to the 

equilibrium value monotonically. 
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con,;idered in etoctL>n 2, referred to in this paper 

LW the (um•eight<Od mean ;>::ice ·expe.,tation) prcwess we 

vet: t.1e: follotiinc reuults: 

! -··-·-- --.. ---~----.---.-·-----~ . . 

I V ·~t·d. of: '~·~- ·-·-~---·-_ _:i~':::_ing behaVi.o_u_t_·_o_,f_...,----,.------l 

\ '·
1 

.. ,"1 '>'bti~>-•mt;·pl:oc;,:;'sT · ·~I'Y\(.h!.' p;:ocess 
\ ',') >c· r.. 1'1, c\ \-> , \.?r · .. ' 
I ------ -·- ------··· -- ___ ..£±:._____ .-...!-l.--'--
1 
I 

!:, < .. ·- b d i Vf:. C,';f' ,3 to dO 
ue;notv'l,'l:cally,. 

r.onv-::!r~es to o 
mo,lOtcnically. 

oe ci.llates but 

di verg,>s to OQ ot: to .c::O 
monotonically. 

converges to 0 n'ionotonicall 

(:). c. p < .. .b conw r.ges. to . zer.o. - do-

1? -;;..b .\lDCi.lln.tcs ·infinitely.: '- do 
\ - do - reache~ equi libri11m::~t time I"" 

-- ~~/~t~ ~~~~t~.~b)_- .. - - . --

''··r.co ~l''' \.\\\1 P.l2. proceos.s is r. bet,ter s~ab.i.l:i~i'!-8 l?~oces~ .th&'t the 

sol,-·~~~:h pn.cl:ss iH th:ot l.t ,::onverges to equilirrium more often than the 

la~to,.. Cn~ «o.•U 'l.lso e-,:pl7ct thAt for values, of l~_. . for wl)ich both 
0 

t't.e p::-cc~cs<'.s co"vcrgc t;hc V..I'YIV€.. proc~ss converges ;.aster, than the 

.;,_,,,_:1Lh pt·vc~~~·. 'l.'h].s, hov.~cver, s~rprising~y does n~t· happen ,as tha 

•? .!~nota the. value of . \:J 
\ l;c... ri 

for the cop-wep.process and o 
r n.\A 

~;,,, v2luc of·-· ?
11 

£or the ~A mp(!.process., Both· the 

\ 1i I<, l· We. c.onsi:ler th~~ limiting behaviour . b . 



of 

·-s-

1 ,;_,,, 1e 1 for- 1''3 1b 1 < ' · 
"L 
1'1-1 

\ 
1 - 1-b ) I n-1 

-=. nt lJ_ ( I -; '--;?: -:: .!..._ ill I - d? 
. ~0 •11- ., 

• r"-:,c..:-. I~ 

The sequence u diverges when @. 1 < 1 for. 
~n+l /u.., -? 1 b/131 ;, 

1 
· o. s n-")oe b 

Hence when the cob-web process converges it c0nverges 

faster than the u m pi!._ process. In other wa~ds when the supply 

reaction coefficient is smaller in magnitude than the demand ronction 

coefficient May~ovian memory (memory of ~nly tho previous instant) 

is a greater stabilizer ~han the non-Mr ·kovian memory (memory of 

all the previous instants up to the initial instant). 

S. . If instead of using an unlfeighted: mean price one uses a 

weighted meoo price for the expectation of ,the price for the suppli<>l 

and in particular with geometrically decreasing weights )\ 
1 
A~ )1. >etc. 

then equation (6) be~omes 

bp i'- t3 lPt + ">- P. + 
>-.t-1 ) .. +- f'o I o:->-"i:., t" -1 t-2... -:;::0 

It-~+-.- - - +- ').,t-1 (11) 

or 6(1-l) I?+- 13(•-A) (.f' +>..e -+ + p.,>.l:'-') 
t. 't-1 t- .. ::.o 

A-= I 
When ),. -:..o we get the cob-web model and when;we get the 

" lA I'Y'I p -e. process. It can again be sh= by the method of 

induction or otherwise that the solution of equation is given by 

e h 

~-1 

\':;) ff o-
1"'-::.o 

(12) 
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for the factor in brackets is -13 
b 

(Jl.) cnn be simplified and expressed in the form: 

where 

(13) 

;>o when lt-_e~o 
' b 

SII'\Ce l-J\,>~0 . 

. "· 

Td investig.ate· 'the convergence of the c~ntinued product i.n (13) 1 

_ consider 

I fn .. , / = l ( 1 - ~ ,,~1) j -> (1- "X. I · ; 
Pn t-A. <.:>._A<- I (11>) 

and -~ 1 . for \ ::: 1 , ;hich baa 

'already been considered. 

The case of i\ ::: 0 has also been considered. 

For 

that 

0 ~)\<.\ (i) (:> 
)\ 

is vhen I+ (3 <o 
b 

tl~~,\- /\ p NoteJ.,f0r :'> I-,\ b 
sufficiently large 

(ii) p 
h 

that is 

diverges (ru"no.tonically) w~1_en }<_ <: 0 

0~'" l <. -\ 
b 

eh has the same o:;ign for 
J 

h 

diverges oscillatingly when K.>o b•t 1 -)(.. ~ 

or 

~ -r- J:t ) U -A) > 2.. 

or (3 ! -!-,\ 
b > 1-/1.. 

(15) 



-)-

(iii) wh"n 

or > -1 

bu. 1- 1 -x.. '> -1 

bU:I- < I +A 
~ 

When r3 >A. 
\ 'b 1-.A 

r3fb < ~ it converges monotonically. 
1-.h 

it converg<'s oscilL1tingly nnd when 

(iv) When l -x. =. -1 or 

but"oscillates . finitely. 

Thus in this case the converg.;nce or divergence when 13 ')-I 
b 

depends on the value· of A The larger the A. l <. I) 

the larger the range of convergence and the smnllcr the /\ 

the smaller the range of convergence. The range of 

convergence common to all 'the three processes is th~ 

range given by 

When process reaches equilibrium 

in steps. 

6. To compare the speoed of convergence of the w 1'>1 p e 
\..l 'Y'\ 1'€ 

process with that of the cob-web and the~process in th~ir 

I 
conmon range of convergence we again compre the relevant Pn s. 
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m \i"o 
The absolute<of 

I f'h s for the W >Y\ p -e process (in the 

numerator) and the ·~ob-web process is given by 

Hence 

If .A(': -1--1}-1 >o 
I"' 

v. h -'> oO 

. or A(~ +-I) '>I 

If 

converges 

When both 

or converges· to 

;\(~ <1) 
I . I 

then 

to l' according as 

A ( ~., t-1) § D . 

> o and ~~ <. I. 

1 \(~.,tl);>o. 

according as 

Hence ~ h conve~gcs to 0 or diverges to '='<:> 

as 

or b <. 2.. -~ 
f3 > T 
or iS 

6 
> >-. . 

c._ --;-_>--

(17) 

or 

according 



-9-

If b':>o and (3 < o and '~>-1 
b 

b i~ .::. -1 

A.(b·i-l~))o; hence the same results as above hold. In 

thi~ case hrn;ever s~nce £._ <. -1 
(3 

2.. ::? 2.-A. 
(3 X 

Hence '-lY' converges to ze~o. 
tl,>. r" ~ u.li- ,'j...,.j-

Th u& wa ge":. ("'t.en !2. < 
wVV\ P e 

L -/\ process converges t0 )\ I/.. " f.> 
equilibrium faster than the cob-web process and when 

7. 

the 

the converse holds. 

When the ratio stands for the absolute ratio of 

I Pr- s for the w m ~ process in the numerator 

and the 1..\ m p e proces~' 

then 

Hence 

w~ere 

Hence as before if 

converges to zero and if 

f3 
b 
p_ 

- (1+ ~) (·-~ 
I- ),,'1 

I - . I +- ·P/b 
-n 

< I.+A 
-;:..,>. 

the process 

(18) 

'.A h 

H-A the process di vergeo , 
b ~ 1->. 

is the common range of convergence for the 
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\A WI r·e. and. the ...:> I'" p-e processQ; and· ·bane" ir1 this range the 

W\"f\1'~ 
process(converges fnstcr than thu u m?·e · process. 

Further aince 1\ , I+-\ we have from the previous result and the 
.t.-).. "- ,::)\ 

present rcsult
1 

when 13 <.. A the cob-web proces's 
-ibl~} L-A 

converges to equfh nunifh.9u the u. m t' e process and· the 

vt 1.,., f"- pro~ess converges faster than the·· ;·w t-v\ p-e i>roc'ess. When 

\ <. 13 r:- I+-;--, the ~M l'e process converges faster 
2::}1. b - ~;... 

than the cob-web process and the W "' j'<2. process converges faster 

than the u \"(\ r e process. 

If (3 --.I+ 1\ 
-,; :" t::'). 

the LV m r ·-e and cob-Yeb process do not converge 

to equilibrium but the •process cortverges .. with the 

exception that if where is a positive 

integer the \).""' r e. process converge~. in finite time r-

B. In-the multi-market case in period analysis the counterparts 

of the equations for the. co9-web process with linear demand and supply 

functions after simplification are 

13 p +- C.p -:.o . 
.t . t-\ 

(19) 

where P-t :: ~- p>'-

and D \:"' -=. d-., - I) f3 t 

3nd '5 t: :: r +- (_ p; 



·L ... · 

and 

and · nrc 

the price vector at time t , the expected price-vector 

at time , and the equilibrium price-vector respectively. 

The solution of (19) is given by 

-I 
If the latent roots of f3 C 

(20) 

are less th:m one in 

magnitude then f' -") D t 
as t-->;>oQ 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 L and 1\ 
-1 

are the latent vector and latent root matrices of 13 ( 

and 
-1 -1 

L 13 c L ·-= 1\ 
then 

-1 t 
I\. = L (_-t\) L P., 

dif :df-1\1\ <.<[
1
-the"P;.--'>oan f\1\ ..., .!.. 

(21) 

the 

process c1; "'.,erges. If ;\/\ ~ I • 
finitely about the equilibrium. 

the process oscillates 
-I 

If in particular B C. 

positive definite which follows when {3 and (. are both 

-I 

is 

positive-:definite, ('_ '( c and is real and hence the 

condition- for •convergence becomes the matrix 1\-r or 8 C.- I 

must be negative definite the conditions for which can easily 



For the UVY1pe 

and 

-P-

process equations (19) are replaced by 
) 

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

that the solution of (22) is given by 

e -::. An '} _, 
·, " ' (23) 

h-j _, 
A" ::: j_ II (r T -13 c..) 

Y\1 

where 

r-_o 
1'\-l -I 

It follows that 

rr C.t - r:.~cy (24) 
v-::.o ~-"'t-• ' 

-I 

A - A ( T- L+ (3 c) 
hH- h - ~ . 

Let 
Bn' :: c.'/\"' L -= rr-_, (I:- L+l\) 

.. "= C' •. ...~+-, . 
which is a dia~onal matrix with 

(25) 

Hence when the real p&rt of it for·all ·s 

for all s 

or 

or .as 
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and hence as 

Hence if 
_, 

M ::-- (L + i3 C) is Routhi,1U then 

Pn ~ o 0-h h --'> "" 

The necessary and sufficient conditions for ~~ to be 

Routhian are that a positive definite matrix ~ can be found 

such that St3 is quasi negative definite. 

-I 
If in particular t3 C. is positive definite then 

I t- 1\ > .>0 and hence 

rn-"i.o 
as 1'\.....,. .0 

and hence the process converges provided L +I\ and hence 

I+ i3-IC. is positive definite, the conditions 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 u.""' p e. process is very much greater than 
{e.v the c.o \::1 V0e. b ~ o~~, 

the range of convergenc~ In order to compare the speed of 

convergence of the two processes when the'f converge we consider 

the matrix ratio of the B..., 1s for the two proc.,snes. 

U n -: [l-1\ )-n rr:--• ( r - I +t\) J 
r-,_ Q 1--j-1 

(21'.) 

·with the for the U""'pe process in the numerator. 

Each 1<!-VI11 in the diagonal can be treated separately. When 

1\ <<I the two processes converges and ' I ll ciivergea which 

implies that the u.tY\ p -e. process converges to equilibrill!!l more 

slowly -than the cob-web. process. 



·t'" 

8, For the multi. :-market * <;v.J '''Pe proc2ss with linear demand and supply 

functions we similarly have 

(_'l...7) 

)\is a ocolar. 

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

Let 

Then if 

where L 
-l 

vector and latent roots of 13 C 

B n =- c'A ~"~ L -= rf ( r- (r+A) ;~-·>0J 
. V=-· .. (~ ..,- A ) (29) . 

As before each of the elements in the diagonal 
·-1 

separately. If the ·largest latent root .. of 6 ( 
can be i:reated 

·is ( I+A.then 
1-.>--

each of the elements in 
-J 

tends to zero< If the larges"t of the 

elements of 13 c. then one or more of the ·elements in 

6 h -'> ob Hence in the latter case /4. ··"' -> oe , 

It is evident that the speed of convergence~e SWtnpeProcess can be 

compared with the speed of. convergence of the U..tvl p e. and the' cob-web 

processes and the results in. the one market case can •eisily be generalised 

to the .. rn_ultimarket case by comparing the behaviour of the largest 

elements of. in all the three cases, 

~ 1.0 lvt f' t.. . 
(Stands for scolar -.eighted mean price expectation precess. 



Again the process conv~rgcs to ~quilibrium in finite tim~ r _, 
>nly if B c. is diagonal ~nd equal tc) T /\ (o+A+. +~""'where r 

is a positive integer. \-c,- tl'-'- l..lmf11!. l)yoc..es:. >---=I 

. CAI'Id tl, <-. c..o nd' h cy, r~d uu~- s 1-o r3_, C. ~ r I. 

:Ct :he reaction coefficients instead of beinr, in the form 

A I , o <-\<yare given by the matrix ,_...;;;;- where I< 
is positive definite with all its latent roots less thnn 1 

in magnit~~e e'q~ation (2i') is replaced by 

h-t -( . h-1 ) Bp -r-C (r-rl(t-· +I<) U\, .. tl<.r>"-1 t-1< p., ::.o 
n (30) 

The solution of (30) it can be verified is given by 

where 

and 

-I 

M r-1 

Mr-1=- I+-I<-+-

M :::. 0 . 
-I 

I r-t +-< 

rf Mr~-~. ( i'1 r-• -(C t-13-~ J) Po 

·. Y'::.• -1 _, 

::. 1 r ( T - M r-1 CI t-B C)) P-o 
I"':; I =rr (_r -C.C-i:<")-

1
C.C-t<-Hr+i3,'oJ ,:; (3t) 

Henc~ Y'"=' 

P"' ;::: A"' Po 
where. >j. II-;:. .rr (_:L- cr: -I<F' (r-l<)(_r:r-8'0) 

1""::.• . nt-1 -1 - ) IT R-1 ) 
an_dhenceA. · -=A 1, -(.:!:-k } (.!..-\< 1...-+u( 

. . h+l h 1.,; 

-' .. r. 
. . . . :=. A h G."' s CL'f (! '2-) 

_, 
As n ->oa e_ -> :C -(_C..:.I<) (J:+B C) 

n ~ 
-=.I<-(I-i<.)t3 (_; 
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-I 

If all the latent roots of I< -(I-IC::JBCare less than 

one in magnitude th<:n I A~-> 0 as 11 ~ <>0 .and if 

one or more of the latent roots are greater than one 

in ma.gnit ude then 111 hi~~ . Hence all this 

applies' to P • 
1 n . 

0 \\ t-)., -e. I C\ l~nl- t"\1"0 1-s 

1 e...s s H,, " 111 o ...- :e..cv~Nl..l to 

r+ 

o.:re:.-::. 1 ;t-k~?-VI /i~ v'\1 ---'7 c~,-f,·nite. mc..h·i x.. 

If then the process converges 

to equilibrium in time . r 

The speed of convergence of this process can be 

compared ;ith that of the multi-market cob-web and u.,..., pe 
Mt:te 

and the scQlarweighted-... : · processes. 

It should be noticed that 1o1hen I< :.0 , the above 

process reduces to the multi-market cob-web process. 

When it reduces to the u. ""r-eprocess. 

lfuen it reduces to the s wtv.p4>rocess. 

The multimarket models 'reduce to· the single market model 
., 

when "he rh , thenumber of commodities considered is put 

equal to I . 
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9. The generalisations of the above models to thd continunus 

case and the t M )>e. (limited ~nn price expectation) 

processes will be considered in another paper. Limited menn 

price expectation processes stands for processes of the above 

type when 

where k is fixed. 

\ 
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