
3 2.

F u r t h e r m o r e  some damage is done t< pa h bottle 

each t ime f is moved - thereby dec rtv i y the l i fe 

o f  the bottle

Bes ides  th 3 , the operat ion o f  each dis>' ribution 

centre  (depot )  that is d i vo rced  f rom the central  dis 

tribution centre costs a grt .i di al o f  money This 

in emental  cost as compared  to u ng the c e n t r a l ­

ised d - tr ibution centre ncludes the * wst of  o p e r a i n g  

labour,  uri ty,  checkers ,  manage rs ,  forkl i f ts ,  

control  peri  r.el etc.

Typ i c a l l y  a depot distr ibut ing *1 mi l l i on  <ases per  

annum would incur an in< remental  cost of + R178 000 

p. a. ( o r  4, 5c/case )  (depot based 1 0 - 1 5  km f rom 

production centre) .

F ig :  4 5. 1. shows a breakover chart indicat ing at 

what stage a depot separated f rom the main d i s t r i ­

bution centre would « ome  feasible

Although the breakeven p ;io'vn «? at + 40 km

away f rom the main d i s t r i bu te r  centre he actual  

graph is v e r y  shal low and a movement  o f  1 0 km - 

20  km in e i ther  di rect ion wi l l  make ve ry  l i tt le d 

e r enco  (See r e f  15 for detai led cost breakdowns.  

H o w e v e r  ev«'n if one ' s  tactory is too smal l  it a 

di f f icul t  u justify using a depot in lose  prox imi ty  

to the main distr ibute centre
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33.

I f  one cons iders  that i f  discounted ove r  15 yea rs  a 

tota l l y  new faci l i ty  (the s i ze  of  the ex is t ing  faci l i ty  

plus the s i ze  of  a new depot)  is v e ry  unl ikely to cost 

m o r e  than 3 to 4 cents per  case (say RIO 000 000 

investment )  it is v e ry  di f f icult  to just i fy split f a c i l ­

i t i es .  This  a g r ee s  with the f indings o f  L ibenberg  

( re f .  15) where  a split operat ion at a distance of 

+ 50 km cannot be just i f ied.

In the short t e rm howeve r  it is often necessa ry  to 

operate  s ev e r a l  distr ibution centres in c lose  p r o x ­

im i ty  due to cash f low problems and capital  a v a i l ­

able.

Chapter  4 .5 .2 .  cons iders  a typical  sys tem where  

mult ip le  production centres and depots (warehouses )  

a r e  involved

4 5 . 2 . Product ion P l a nning and route scheduling b j^ tem ,

l inear  p ro g ramming  (see ref.  7 ,_

The fo l lowing is a theore t i ca l  analysis o f  a combined 

production planning and warehouse schedul ing system 

where  mult iple production units and warehouses  a re

Involved.

T h i .  system can be converted to a warehouse to out ­

let schedul ing system by s imply  changing the pro-  

duce r  in this analysis  to the warehouse,  and the

warehouse  in this a n a l y s i s  to the outlet. This  wi l l
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h ow eve r  (as wi l l  be shown in the analys i s )  be i m ­

pract i ca l  duo to the vast number o f  var iab les  in ­

vo lved.

The ent i re  system is appl icable to a l arge  beve rage  

manufac turer  ( e xcess  o f  15 n i l l ion cases )  in an u r ­

ban a rea  fsuch as Coca Cola Johannesburg with 3 

product ion centres and 5 warehouses) .

In such a situation one wi l l  normal l y  find that some 

o f  the var ious production centres  can produce only 

some of  the many products and product types sent 

to the warehouses .  This posoibi l i ty is cons idered in 

the lat ter  part of  this analysis.

4. 5. 2. 1. A s sumption s.

The cost o f  transport  o f  a case of  product is the 

same for  al l  product.

The cost o f  producing a spec i f i c  product type does 

not va ry

Costs  and e f f i c i enc ies  do not vary  ov e r  shifts 

(norma l  t ime)

Inven to r ie s  at the warehouses  have a l r eady  been set

Total  production capacity is equal ( or  exceeds )  the

demand - single,  double, t r iple  shifts with o r  w i t h ­

out o v e r t i m e

Suff ic ient  empty  Sl a » «  wi lh  l' ach
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f r om the warehouses  to al low production to continue.

Any production centre may  supply any warehouse.

h.ivh production centre has a given prodec i ion capa­

city (and cost)  and each warehouse has a given m a x ­

imum inventory capacity.

4. 5. 2. 2. Ana lv  s is

A i m

To m in im is e  total  production and distr ibut ion costs 

Given

3?v

n plants 

m warehouses  

p products

i = 1 to n plants 

j - 1 to m warehouses  

p = 1 to p products

Let:

X i j k  * No. o f  cases of  product k p r o ­

duced at plant i and t ransported to 

warehouse j.

Pij< r Cost o f  cases using regular  t ime

production ol product k at plant i.

= Cost f t ransport  o f  cases of  p ro-

du<t f rom plant i to warehouse j.

= Tota l  cost = (Rik + T i j )

- Product ion capacity o f  a plant

T i j

Ci jk

bi
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Li

Ri = tu LSu Eu /cs 
u = l

L i  = No o f  l ines in plant i 

tu = total t ime avai lable  

LSu a Line speed of  uth l ine 

Evi = Line e f f i c i ency  

CS = Case Si re

Bi is norma l ly  an eas i l y  determinable  

f igure

Djk = Demand forecast  - demand for

product k at warehouse j

Djk may be found f rom the fo l lowing f o r ­

mula

Djk = Fjk + Pjk - Ijk + Sjk - Qjk + Ajk

Pjk = Extra promot ional  sales 

Ijk a on f loor  inventory 

Sjk = Safety Stock

Qjk a No o f  cases on o rde r  but not yet 

de l i ve red

Ajk - Seasonal  inventory adjustment 

( i f  necessa ry )

Fjk = Fo recas t  o f  demand - found f rom

p r e v i e w  history using var ious fore 

cast ing techniques - such as e x ­

ponential  smoothing or  plain l inear  

r eg r ess i on  etc.
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u - 1

L i = No of  l ines in plant I

tu = total t ime avai lable

LSu = Line speed of  uth l ine

Eu s Line e f f i c i ency

CS e Case Sire

Bi is no rmal l y  an eas i l y  de terminable  

f igure.

Djk = Demand forecast  - demand for

product k at warehouse j

Djk may be found f rom the fo l lowing f o r ­

mula

Djk = Fjk + Pjk - Ijk f  Sjk - Qjk + A jk

P jk  = Extra promot ional  s%lea 

Ijk = on f loor  Inventory 

Sjk = Safety Stock

Qjk = No o f  cases on o r d e r  but not yet 

de l i ve r ed

Ajk = Seasonal  inventory adjustment 

( i f  necessary )

F)k = F o rec a s t  o f  demand - found from

previous history using var ious fore 

cast ing techniques - such as e x ­

ponential  smoothing or  plain l inear  

r eg ress ion etc.
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4. 5. 2. 3.

A *k = Gear ing  factor  - i . e .

Should it be necessa ry  to mod i f y  Bi - 

which is a standard machine speed - 

because o f  product type, s i ze ,  and 

shape, a gear ing  factor  A ik  may  be 

used which is proport ional  to the new 

speed.

Type_ 1

37.

Assuming  e v e r y  plant can produce e v e r y  product

We must attempt to m in imise  an ob ject i ve  function 

( Z )  such thfct the sum o f  total costs wi l l  be a m i n i ­

mum
n m p 

i e. Zmin = 2_. ^  Ci jk Xi jk  ----Eq A

i=l  ’ =! k * !

Const r a in t s .

Demand constraint 

i. e. Product ion =

n

z Xi jk =

i = l

j = 1 to m

k = 1 to P

i = 1 to n

m p

Capaci ty  constraint ^  A i k X i j k  ^  Bi

j^ l  k - 1

No negat ives Xi jk O
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37.

A ik Gear ing  factor  - i. e.

Should it be necessary  to mod i f y  Bi - 

which is a standard machine speed - 

because o f  product type, s ; ze,  and 

shape, a gear ing factor  A ik  may  be 

used which is proport ional  to the new 

speed.

4 b. 2 3. lyp g ...!

Assuming  e v e r y  plant can produce e v e r y  product

We mu« t  attempt to m in im ise  an object i ve  function 

( Z )  such that the sum o f  total costs wi l l  be a m i n i ­

mum.
m

i . e.  7.rmr. - I  Z  

i= l j= l

P

Ci jk Xi jk  ----Eq A

k- 1

Constraints.

Demand constraint

i . e .  Product ion - Demand

Capaci ty  conatraint

n

z 
i - 1

Xi jk  r Djk

j = 1 to m 

k = 1 to p

i = 1 to n 

m p

Z T  Aik Xijk ^ Bi
j ^ l  kr l

No negat ives
Xi jk Z' O
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This  is thi format  o f  a s t ra ight forward l inear  p r o ­

g r am  which can eas i l y  be soved by many di f f erent  

types of  computer  packages.

In fact we have nmp dec is ion var iab les  and mp+n 

constraints.

fh is  p rog ram is l ikely to increase  l inear l y  in s i ze  

with the number o f  var iab l es  and exponent ial ly  

( ±  power  3) with an increased  number o f  constraints

On c l os e r  examinat ion one can in fact see that this is 

the genera l ised  transportat ion problem which may  be 

so lved using a v e ry  s impl i f i ed a lgor i thm - see ref.

7 and 11.

If  the number of  var i ab l es  and constraints a r e  l ar ge  

the transportat ion algor i thm is probably the only p r a c ­

t ical  way to solve this problem.

Hov " c r  in real  l i fe it is v e ry  seldom that *11 the 

pi? .ts would produce all  products.  It is tar m o re  

l ike ly  that some product*, are  special  to certain plants 

only ( e . g .  label led product vs A C L  Products ) .  Thin 

means *hat the ent i re l inear program becomes  far 

iT.ore compl icated.

O f  course i f  one can e l iminate  the possibi l i ty o f  m o re  

thf.n one plant supplying a given product the total s o ­

lution set can be considerably reduc 'd .

38.
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39.

A l so  hal f  cases and shifts do not in rea l i ty  ex ist  and 

must be ma. iual ly smoothed a f t e r  the theore t i ca l  s o ­

lution has been found.

Sens i t i v i ty  analysis  o f  the l inear  prog ram can be done 

by s l ight ly  vary ing  var ious pa ramete rs  (costs and p r o ­

duction data). This  is strongly  recomrr  ?nded as this 

type o f  l inear  program can be v e r y  sensi t i ve  to the 

cost data.

4. 5. 2. 4. Type  2

Let us assume one o f  the proouction centres cannot 

produce al l  che products sold (e. g. the separat ion of  

canning fac i l i t i es  f rom bottl ing fac i l i t i es ) .

This  means that the " s p ec i a l i s t "  plant that can make 

the product must distr ibute this product.  It may be 

that two out o f  four plants * an produce a spec ia l i sed 

product. The products must then be a l located a c c o r ­

dingly.

Let  us spl it  the products where

Products  1 to r are  regular  products 

Products  r +  1, r + 2 to p are  specia l  products which 

can only be produced at plants 1 to w 

(w 6  n the total  number of  plants)
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Type  2 example  1

Spec ia l i sed production equipment is used only for  

spec ia l  products - no r egu lar  products ar e  run on the 

l ines - e. g. canning l ine only.

SBi = capaci ty to produce specia l  products at plant i

Main P r ob l e m

Subproblem 1

Regu lar Product* Only

Min Z j * £2 S  OijK XijK

i » l  J*1 k * l

(»•  oreviou* tee  £q A )

(tame co n »tr » i ><•)

Subproblem I

Sp ec lal P roduc t *  Only

w m
Min Z i  * ^  V ]  Cijk X ijk

i s )  j-1 k;r*l

Demand con ■traint* ,> X ijk  * Djk

i = l

j  * 1,2 - - * m  

k * r* I . r * Z ,  r *  3 ----p

c*r»c'*y
Constraint* 12  Aik x ‘Jk A  SBi

j-l k*r* •

i * 1,2  . . .  w

And o ( c ou n r Xi jk *  O

These  two prob l ems car. then be computed separate ly .

/ 41



41

Mi?? Z3

or Min Zj

Constraint*

I f  a spec ia l  plant can produce a specia l i tem and a 

normal  i tem (such as a gener ic  label led bottle  and a 

standard bott le ),  the prob lem  must be approached 

d i f fe ren t ly ,  i . e .  the two solution functions must be 

added to g ive  a new solution

Type 2 example  2

w m p n mH H H c i ;kxi jk  ♦ 2T H H ciJk x i ;k
1=1 j= l  k = l i=w+ j-1 k-1

w (Demand constraints

] F  Xi jk  * Djk j  - I. 2 - - -  m spec ia l  products

i = l
k = r + 1, r+ 2, ----p

j  a 1 , 2 ----m

k = 1,2 . . .  r

i = l

m r

^  Aik Xijk &

j=l k=l

And Xijk *  O

( r e g u la r  demand 

(cons tra in ts

(plants producing al l

( capaci ty  cons tra int *

Bi i s  w+1, w+2 - - -  n ( f o r  plants producing

( r e g u l a r  products

Further  examples  may be done depending on the 

individual  situation
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Should how eve r it becom e necessa ry  to include o v e r ­

t ime in the total concept - again a l inear  p rogram  

can be deve loped to m in im ise  the amount o f  o ve r t im e  

requi red.

42.

I f  Y i j k  - Quant ity o f  p r o d u o  produi.i-ii on o v e r t i m e  in plant i and ahipped to wareho  '  ,

Oik = O v e r t i m e  product ion co t :  for  product  k at plant i

C i jk  = Oil*. + T i j  i T o ta l  coat o f  overt irr.e product ion and diatribut ion

B i = A l l ow a b l e  o v e r t i m e  capaci ty - i . e .  name ae Bi but t im e  var ia t i on

The m in im u m  tota l cor*, w i l l  then be

Z M in imum * Z norma l  t im e  >. /. o v e r t im e

C i jk Y i jk

n m P
T " ’ r - VL ^  Cijk X i jk
i= l j - i k - l

n
T—>

Demand conatrahtta : C * (X i jk + Y i j k )  = Djk
1=1

m o

reRular t im e  capaci t y  conatra inta 2 A ik  X i jk  — Bi

# j= i k -1

m P

o ve r t im e  capaci t y  conatra inta
t ”
/ L I Aik  Y i jk  ^  B i

j - 1 k - l

and X i jk and Yi jk  &  O

n m p

r r
L  u z
i= l  j  I k = l

j= l
k= 1

1=1

n

P

1-1.2 .
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Again many variat ions o f  the main produc tion p r o ­

gram can be done including spec ia l  produc ts, m o r e  

shifts, a.nd even la r g e r  machines.

H ow eve r  i f  too many a l te rna t ives  a re  included the 

prob lem  may become so la rge  that it w i l l  not be 

eas i ly  solved on a compu ter  (o r  be worth while ).

4. 5. 2. 5. Cost and P ra c l i  < ahil it2L

Yake a typical setup in R. S. A. where  3 production 

cen tres  and 5 warehouses are  involved and some 40 

packages are  produced

No. o f  var iab les  n x m x p  - 3 x 5 x  40 = 600

No. o f  constraints m p n = 5 x  40 + 3  = 203

IBM est imate  the. a problem this la rge ,  and without 

any m a jo r  complicat ions w i l l  fake +_ 25 000 to 

30 000 c. p. u. seconds ( IB M  360 model  67). At 

today 's  pr ices  this could mean as much as R10 000 

per run.

I f we w e r e  to take the analysis  further and cons ider  

distr ibution from the trucks to the outlets we would 

b< loo kin : at j  200 trucks, 40 packages and 10 000

ou t l e ts .

No. of va r iab le s  nmp

No. o f  constra ints  ,T*P ' n

200 x 10 000 x 40 80 000 000

40  x 10 000 + 200 = 400 200
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(<>Sl ot runr*ing one program  '^ould be enormous  

probably in excess  ol any computer system in ven ­

ted to date.

Thus, unless major .s impli f icat ions can be made to 

the sys tem  it is unlikely to e v e r  be pract ica l  to 

implement.

H ow eve r ,  i f  the beverage  company does have access  

to a la rg e  computer r ig -up and does have some 

e x cess  t im e it might w e l l  be worth invest igat ing such 

a system.

4. 5 2. 6 . Graphi cal Solut ion

The fo l low ing is a graphical a lgor i thm (re f .  14) 

which w i l l  g ive a solution (not n ecessa ry  opt: nal )  to 

the p rev ious ly  mentioned problem.

As sumptions

A l l  plants are  of  approx imate ly  equal capacity and 

warehouses  a. consistent with the plant capacit ies .

No specia l  product* a re  produced.

Method

Find the sum of a ve rage  oroduction costs and t r a n s ­

port costs f rom  eve ry  plant to e v e r y  warehouse.

D raw  contour l ines o f  constant total costs around 

each plant.

44.
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45.

Now contour l ines o f  adjacent plants w i l l  in tersec t  - 

and at points o f  equ i l  cost a boundary l ine o f  i n t e r ­

sect ing points can be found.

Each plant can then se rve  each warehouse within that 

bounda r y .

A r b i t r a r y  adjustments can then be made to sat is fy  

a reas  where  warehouses and production centres  a re  

not tota l ly  compatible  and where spec ia l  products a re

produced.

4. 5. 2. 7. A r r  i v gate P lannlng

The fo l low ing is a further rough form o f  analys is  that 

may be used to try  and work  out the best ava i lab le  

routing concepts.

Dj

X i

Ri

T i j

Demand at warehouse j (ave rage  o v e r  a l l  products)  

Produc t ion capabili ty plant i (a ve rage  o v e r  a l l  products)  

Produc t ion  costs .tt plant I ( a ve rage  o v e r  al l  produc ts ) 

T ransport  costs f rom  plant i to warehouse j.

Now tht fo l lowing in formation can be tabulated - 

Assum ing  2 plants and 2 warehouses

P E R IO D P i t >2 x , X 2 Product Produc t Produc t

(Month) X i  -  Dj X j -  d 2 X 2

T O T A L S

Produc t

X 2 ^ D j

. . / 46



T O T A L  COSTS can then eas i ly  be ca lculated once 

-hi total amount of product m ov ing  f rom  and to each 

warehouse has been est imated in the table above.

(s ee  page 4 5 . )

The en t i re  p rocess  can then be repeated until a best 

solution is found.

Ih is rm ihod i* purely mechanical  and while it w i l l  

ce r ta in ly  not give the optimal solution it w i l l  s e rve  

as a v e r y  good guide.

F u r th e rm ore  no computer is necessa ry  to obtain 

results.

4- 6- W AREHOUSE LA YO U TS

4.6.  1. Theo re t ica l

The best warehouse layout must be one that m in i ­

m is e s  the distances t rave l led  by the fork l i f ts  etc. 

between the production and stacking area ,  the d i s t r i ­

bution and stacking area  and m ax im ie es  the space 

ava i lab le  for storage.

In o rd e r  to m in im ise  the movement o f  fo rk l i f ts  b e ­

tween production and stacking it is necessary  to keep 

both the finished products and emp ty  conta iners as 

c lose  as possible to the production fac i l i ty .  F u r th e r ­

m o re  as i 6 best to fully uti l ise the fork l i f t  in both

46.
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d irec t ions  o f  its t rave l ,  it is a lso n ecessa ry  to keep 

the empt ies  and fulls as c lose  as possib le  to one 

another.

I he mov ing  warehouse concept is shown in F ig :  4.6. 1. 

High volume products a re  kept c lose to the product ion 

area ,  thus further reducing fork l i f t  movement .

4. 6 . 2. In P rac t ic e

In rea l i ty  very  few warehouses resem ble  F ig :  4.6. 1. 

Because of  the high rate of growth o f  the beve rage  

industry (up to 100% between 1970 and 197 8 ) v e ry  few 

fac to r ies  have space inside their  warehouses to store 

the ir  empty bottlee. This  means that empt ies  a re  

kept outside in the rain and fulls inside under shelter .  

Fu r therm ore  empty bottle inventory is v e ry  seasonal 

- being at a max imum in June - July and at a m i n i ­

mum in Decem ber  when m >st o f  the bottles a re  in 

the trade.

Fitf 4 . 6 . 2 . shows a typical exist ing soft drink f a c ­

to ry  with warehousing and m a t e r ia ls  flow, ( cour tesy  

L.TX M inera ls  L ichtenburg).  As can be seen ve ry  

l it t le  attention has been paid to m ate r ia ls  f low and 

m ass iv e  expansion has meant res tr ic t ion  in a l l  a reas .

4 7 F O R i -  J F T S  A N D T R O L L E Y S

The advent o f  the forkli ft  had perhaps the most r ev -  

olutionar e f fect  on warehousing in the beverage
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FIG ; 4 . b . 1
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FIG : 4 .6.2

.FACTORY LAYOUT - LTX MINERALS (LICHTENBURG)
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industry.

i jd a y  in a large  fac tory  a f leet o f  up to 30 fork l i f ts  

is need to continuously move  product around the 

warehouse,  stack product and load t ’ :ks.

Unfortunate ly  because the fork l i f t  is such a useful  

">iece of mach inery  it has become standard prac t ice  

to use this machine for  all  m a te r ia ls  m ovem ent  in 

the l a c t o n e s  including carry ing  pal lets o f  products 

cons iderab le  distances, towing other veh ic les ,  j a c k ­

ing machines etc. When one considers that fo rk l i f ts  

a re  designed for  basic l i ft ing and shifting o f  unit 

loads - nut trave l l ing  la rge  hor izonta l  distances and 

the p r ice  o f  a modern forkl i f t  (+ R17 000) it is 

apparent that the fork l i f t  should not be the only 

method o f  mov ing  pal lc is o f  product around a fac tory .  

A high speed line producing 2 pallets per minute o f  

product would on ave rage  need 4 fork l i f ts  to s e r v ic e  

it on a continuous basis.

4 7. 1. T h e T r a c t o r  T r o l l e y  Method

Fig : 4. 7 .1 .1  shows a typical  t rac to r  t r o l l e y  system.

By using + 16 t ro l le ys ,  2 t rac to rs  and 2 fork l i f t  

trucks for  warehouse s e r v i c e  only, two forkl i f t  

trucks may be el iminated Sco table 4. 5. 1.2. for

cost  savings.
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*Lig  : 4 .7 .1 . 1 

THE--TRACTOR TRQLLLY SYSTEM

Trolley Tractor

PLAN 01 TROLLEY

SIDE ELEVATION OF TROLLEY
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T a b le  4. 5. 1. 2.

Cost F o rk l i f t  ( 2) R i 6 000 Cost o f  4 Fork l i f t s  R64 000

Cost T r a c t o r  ( 2 )  R 5 000 

Cost T r a i l e r  (16) R 600

Immedia te  savings in capital outlay o f  R12 400 can 

be made.

This saving is considerably increased as the d i s ­

tances between the various stacks o f  pallets is in ­

creased.  fu r th e r m o r e ,  the running costs o f  t r a c ­

to rs  and t ro l l eys  are  far less  than fork l i f ts .

See Fig :  4 6 . 2. for  an ideal a rea  for  the use o f  

t r o l l e v s .  As can be seen at this fac tory  the w a r e ­

house is considerable  distance f rom  the production 

centre.

As yet, no beverage fac tor ies  in South A f r i c a  o p e r ­

ate on this principle but it is certa in ly  something 

worth considering v e ry  care fu l ly .

4. 8 . L IVE  STO RAG E

Perhaps  the greatest  advancemen t in m a te r ia l  handling

within the warehouse is the concept o f  l i v e  storage .

F ig  4 .8 .1 .  shows a typical  l ive  storage warehouse

concept.
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f i g  : 4.Q.1 
SCHEMATIC DIAGRAM rw r T,,r, ____------- -----------I.IVE STORAGE OF PALLETS

DETAII, OF TUNNEL



L iv e  s torage  o f  heavy pallets o f  bottles products 

(+ 1 ton ea. / can cause considerable  prob lems  with 

the r o l l e r s  used to move the pallets. This led to 

the deve lopmen t  of  the ' ‘do l ly "  system by the M i tsu ­

bishi Company in Japan. This system makes use o f  

a dol ly  (a t ro l l e y  type o f  t ’-uck) which transports  the 

pallets within the storage tunnels - rather than using 

standard r o l l e r  conveyor.  There  are  a lso seve ra l  

other  types o f  l ive  storage systems in operat ion 

throughout the world.

Advan tages of l ive  storage:

F i r s t  in F i r s t  out.

Cons iderab le  space saving.

Easy stock control and rigid stock control.

Lends i t s e l f  to fully automated warehousing.

D isadvan tages ;

Cost.

8 . 3. shows typical costs involved in the con- 

b .won of a la rge  l ive  storage warehouse and a 

com par ison  o f  these costs with the costs o f  conven ­

tional s torage  for a plant storing 40 000 pallets 

o f  product ( fulls and emp t ies ) .
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