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T o op t i c s a n d p h o t o n i c s expe r t s , the s ta tus o f w i r e l e s s 
c o m m u n i c a t i o n s w i l l s e e m s t range . T h e r e i s a sho r tage 

o f t e c h n o l o g y to sa t i s f y a s u b s t a n t i a l p u b l i c d e m a n d . P h o ­
t o n i c c o m m u n i c a t i o n , i n c o m m o n w i t h o the r i n f o r m a t i o n 
se r v i ces , p r o g r e s s e s i n a n o r d e r l y f a s h i o n f r o m sc ience to 
t e c h n o l o g y to s t a n d a r d s to p r o d u c t s to se rv i ces . T h e n there i s 
a s e a r c h fo r a p p l i c a t i o n s , w h i c h e v e n t u a l l y e m e r g e . A n d 
f i n a l l y there a re r e v e n u e s a n d r e w a r d s to the v i r t u o u s . I r e c a l l 
a p h o n e c a l l f r o m the A T & T p r e s s o f f i ce , w h i l e I w a s at B e l l 
L a b s . T h e ca l l e r w a n t e d to e x p l a i n to a n o n - t e c h n i c a l a u d i ­
ence the s i g n i f i c a n c e o f m u l t i - g i g a b i t t r a n s m i s s i o n . I c a l c u ­
l a t e d that y o u c o u l d s e n d a l l o f S h a k e s p e a r e , the E n c y c l o p e ­
d i a B r i t a n n i c a , a n d the B i b l e i n a f e w m i l l i s e c o n d s . T h e ca l l e r 
t h a n k e d m e fo r the i m p r e s s i v e i l l u s t r a t i o n . N e i t h e r o f u s 
re f l ec ted m u c h o n w h e t h e r a n y o n e r e a l l y w a n t s to d o that. 

INFORMATION IS PERSONAL 

B y con t ras t , D i c k T r a c y , S tar T r e k , a n d o the rs l o n g a g o p r e ­
p a r e d the p u b l i c f o r personal communications. H o w e v e r , i n ­
d u s t r y a n d g o v e r n m e n t s p a i d l i t t le a t t en t i on u n t i l t hey w e r e 
c o n f r o n t e d b y a m a s s i v e o u t p o u r i n g o f d e m a n d . F o r the pas t 
d e c a d e , the p u b l i c h a s s h o w n d r a m a t i c a l l y that p e o p l e w a n t 
t he i r i n f o r m a t i o n to b e p e r s o n a l . T h e a c t i o n i n c o m p u t i n g i n 
the 1980s w a s i n personal computers. M y W I N L A B c o l l e a g u e s , 
M e l i s s a G e l f m a n a n d P h i l o m e n a G e n a t e m p o , a n d I a l l h a v e 
M a c i n t o s h e s i n o u r ad jacent o f f i ces . H o w e v e r , the th ree 
c o m p u t e r s l o o k a n d s o u n d a n d fee l d i f f e r e n t — t r u l y p e r ­
s o n a l . B y 1990, i t w a s n ' t e n o u g h to h a v e th is r e f l ec t i on o f m y 
p e r s o n a l i t y o n m y d e s k . I n e e d e d a l a p t o p . I w a n t m y 
i n f o r m a t i o n to b e p e r s o n a l a n d I w a n t i t to b e pa r t o f m e , no t 
pa r t o f m y h o m e o r m y o f f i ce . S i m i l a r l y , i n en te r ta inment , 
personal stereos are i n d i s p e n s a b l e i t ems fo r a lmos t e v e r y o n e . 

I n c o m m u n i c a t i o n s , t w o o f the ho t i t ems of the 1980s 



were cellular phones and cordless telephones. Both of these 
products in 1992 are quite different f rom what they were 
when they arrived on the scene about eight years ago. In 
developing cellular technology, the a im of A T & T was to put 
into m y car the equivalent of my home or office phone. Just as 
the instrument on my desk is part of the office and the one 
attached to the wa l l in m y kitchen is part of the house, the 
cellular phone was part of the car. The cordless phone was 
something to use when I couldn't conveniently get to the 
phone on the wa l l in the kitchen; for example, when I was in 
the backyard or in the basement. In the early days, m y callers 
wou ld immediately recognize something strange when I 
answered the cordless phone. More times than not, I went to 
the kitchen and transferred the call to the wa l l telephone. 

In the past few years, cordless and cellular phones have 
changed a lot. N o w people take cellular phones wi th them 
when they leave their cars. Perhaps, in crowded cities, they 
don't use them in cars at al l . Even though there is a b ig price 
premium for l ightweight portable phones, half of the cellular 
phones purchased today are in this category. A n d l ike P C s , 
they are personal. Most have automatic dialers and program­
mable directories for up to 100 names and phone numbers. 
O n the cordless side, we al l threw away our or iginal sets and 
bought, at elevated prices, telephones that sound good. Just 
as most people buy up-market personal stereos w i th high 
fidelity sound, the biggest share of the cordless phone market 
falls to expensive products w i th good sound quality. N o w I 
use m y cordless phone instead of the the one on the wal l . It 
truly is personal. Depending on who I am speaking wi th , I 
take the phone to a different part of the house. 

M y cordless and cellular phones improve my life but in 
different ways. I l ike the cordless phone because it is smal l 
and light. (It weighs 100 grams and fits into any pocket.) It 

costs me no more to use than m y ordinary telephone and I 
don't worry too much about keeping its battery charged. The 
one drawback is that I cannot use it when I leave home. When 
I am on the move, the cellular phone is excellent. I can use it 
almost everywhere. However , the service is extremely expen­
sive, and the battery needs recharging after 40 minutes of 
conversation. A s an engineer reflecting on the complemen­
tary advantages of cordless and cellular phones, I think about 
a new type of communicat ion that w i l l merge their merits. 
Figure 1 shows cellular and cordless telephony converging to 
a single mode of wireless access to the, publ ic telephone 
network. 

Personal Communications Service (PCS) is the nomencla­
ture for the next major step in this convergence. Unl ike 
cellular and cordless telephony, there is no precise definit ion 

FIGURE 2: WIRELESS A C C E S S TO A FIXED INFORMATION NETWORK. 

FIGURE 1: CELLULAR AND CORDLESS COMMUNICATIONS MAY ONE DAY MERGE INTO A UNIFIED PERSONAL COMMUNICATIONS SERVICE. 



of P C S . I n fact the d e f i n i t i o n , as w e l l as s e v e r a l o the r i s sues , 
are subjects o f i n tense deba te . T h e r e are f o u r m a j o r q u e s t i o n s : 
• W h a t exac t l y is P C S ? 
• W h a t pa r t o f the e l ec t r omagne t i c s p e c t r u m w i l l i t o c c u p y ? 
• W h i c h o r g a n i z a t i o n s w i l l b e a l l o w e d to p r o v i d e P C S ? 
• W h i c h t e c h n o l o g i e s are best s u i t e d to P C S ? 

M y p u r p o s e i n th i s a r t i c le i s to d i s c u s s t e c h n o l o g y , so I 
w i l l no t a d d r e s s the s e c o n d a n d t h i r d q u e s t i o n s . T h e f o l l o w ­
i n g g e n e r a l a n s w e r to the f i rs t o n e w i l l be su f f i c ien t , I h o p e , to 
p u t the t e c h n o l o g y q u e s t i o n s i n t o con tex t : 

With Personal Communications Services, people moving at 
pedestrian speeds in public places will be able to make and 
receive phone calls using lightweight wireless instruments. 
The equipment and service will cost less than cellular and 
appeal to a mass market. 

T E C H N O L O G Y C H A L L E N G E S 

F i g u r e 2 s h o w s th ree d e v i c e s that are necessa ry f o r w i r e l e s s 
access to f i x e d i n f o r m a t i o n n e t w o r k s . T h e terminal, w i t h i ts 
o w n p o w e r s u p p l y , is the u s e r in te r face . It uses f ree -space 
e l ec t romagne t i c r a d i a t i o n to e x c h a n g e s i g n a l s w i t h a f i x e d 
base station. T h e b a s e - t o - t e r m i n a l t r a n s m i s s i o n m e d i u m fo r 
P C S w i l l be m i c r o w a v e r a d i o c h a n n e l s at ca r r i e r f r e q u e n c i e s 
i n the r a n g e 1 - 3 G H z . W h i l e s o m e P C S f r e q u e n c y a s s i g n m e n t s 
are i n p l a c e i n E u r o p e , the U n i t e d States s t i l l a w a i t s g o v e r n ­
m e n t d e c i s i o n s o n s p e c t r u m a l l o c a t i o n . ( In f ra red s i g n a l s , 
w h i c h d o no t r e q u i r e s p e c t r u m l i c e n s i n g , m a y b e u s e d fo r 
ce r ta in i n d o o r h i g h b a n d w i d t h c o m m u n i c a t i o n s . ) T h e switch 
i n F i g u r e 2 connec ts the w i r e l e s s i n f o r m a t i o n n e t w o r k to the 
f i x e d i n f o r m a t i o n se rv i ce . 

E a c h w i r e l e s s c o m m u n i c a t i o n s y s t e m has i ts o w n w a y o f 
m o v i n g i n f o r m a t i o n a m o n g the n e t w o r k e l e m e n t s i n F i g u r e 2. 
In a d d i t i o n to u s e r i n f o r m a t i o n , i t is n e c e s s a r y to t rans fe r 
s i gn i f i can t a m o u n t s of s y s t e m c o n t r o l i n f o r m a t i o n . T h i s c o n ­
t ro l i n f o r m a t i o n a l l o w s the n e t w o r k to m a n a g e i ts r e s o u r c e s , 
m o s t n o t a b l y i ts w i r e l e s s c o m m u n i c a t i o n c h a n n e l s . It h e l p s 
the n e t w o r k ad jus t i tse l f to the c h a n g i n g l oca t i ons o f the 
t e rm ina l s . 

T o u n d e r s t a n d w h y there i s n o 
stab le t e c h n o l o g y fo r P C S , c o n s i d e r 
T a b l e 1, w h i c h d i s p l a y s sa l i en t d i f ­

fe rences b e t w e e n w i r e l e s s access t e c h n i q u e s a n d c o n v e n ­
t i o n a l t e l e p h o n y . I n e a c h case , w i r e l e s s access i s m o r e d e ­
m a n d i n g t h a n f i x e d access a n d w e n e e d n e w t e c h n o l o g y to 
b r i d g e the g a p . O n e o f the m o s t c o n t e n t i o u s i ssues i s multiple 
access to the transmission medium. T h i s p r o b l e m d o e s no t a r i se 
i n f i x e d t e l e p h o n e n e t w o r k s b e c a u s e e a c h s u b s c r i b e r h a s 
d e d i c a t e d fac i l i t i es ( u s u a l l y a p a i r o f w i r e s ) fo r c o m m u n i c a t ­
i n g w i t h the s y s t e m . H o w e v e r , i n a w i r e l e s s n e t w o r k , the 
s i g n a l s m o v i n g to a n d f r o m a l l t e r m i n a l s get m i x e d toge ther 
i n the a i r . H o w s h o u l d w e d e s i g n the s i g n a l s so that t h e y c a n 
b e s e p a r a t e d f r o m e a c h o the r at t e r m i n a l s a n d base s ta t ions? 

I n the c e l l u l a r a r e n a a l o n e , the re a re th ree en t i r e l y d i f f e r ­
en t a p p r o a c h e s a d v o c a t e d f o r m e e t i n g the needs o f the i m m e ­
d i a t e f u tu re . T h e s e a p p r o a c h e s a re b a s e d o n f r e q u e n c y d i v i ­
s i o n , t i m e d i v i s i o n , a n d c o d e d i v i s i o n — a l l e s t a b l i s h e d tech ­
n o l o g i e s i n o the r a p p l i c a t i o n areas. T h e r e m a r k a b l e t h i n g 
a b o u t w i r e l e s s c o m m u n i c a t i o n s i s that t e c h n i c a l exper t s c a n ­
no t ag ree o n bas i c sc ien t i f i c i s sues re l a ted to the re la t i ve 
m e r i t s o f the th ree a p p r o a c h e s . Issues o f s i m i l a r i m p o r t a n c e , 
s u c h as the a d v a n t a g e s a n d d i s a d v a n t a g e s o f cohe ren t c o m ­
m u n i c a t i o n s , are se t t led b y the p h o t o n i c c o m m u n i t y l o n g 
be fo re the re i s a n u r g e n t n e e d to p u t s o m e t h i n g i n t o the f i e l d . 

I w i l l d r a w y o u r a t t en t i on to o n e o the r i t e m i n the t a b l e — 
network configuration—and d i s c u s s i n s o m e d e p t h i ts i m p a c t 
o n t e c h n i c a l a l t e rna t i ves . R e a r r a n g i n g a f i x e d n e t w o r k is a n 
a w k w a r d ma t te r , e s p e c i a l l y w h e n the e n d u s e r i s i n v o l v e d . A 
f e w m o n t h s a g o , W I N L A B c o n s o l i d a t e d i tse l f i n a s i n g l e 
b u i l d i n g at R u t g e r s . A l l o f u s m o v e d there f r o m o the r p l aces , 
a n d i n sp i te o f f o u r w e e k s ' a d v a n c e no t i ce to N e w Jersey B e l l 
a n d A T & T , i t t o o k o v e r a w e e k to get a l l the p h o n e s w o r k i n g 
p r o p e r l y i n o u r n e w h o m e . T h e c a m p u s E t h e r n e t d i d m u c h 

WIRELESS ACCESS FIXED ACCESS 
Terminal- to-
network channel 

t ime-vary ing 
poor at times 

constant 
h igh qual i ty 

Access to 
transmission 
m e d i u m 

shared 
w i th other terminals 

dedicated 
to one terminal 

Pr ivacy , security vulnerable: signals 
radiated i n the air 

wiretapping 
requires special 
measures 

Bandw id th 
al locat ion 

determined by 
government pol icy 

determined 
by economics 

Ne twork access 
author izat ion 

burden on network burden 
on subscriber 

Ne twork 
conf igurat ion 

changes frequently 
du r ing calls 

rarely changes 

Electr ic power 
supp ly 

contained 
i n telephone 

in premises 
or network 

TABLE 1: WIRELESS NETWORKS RAISE ISSUES THAT DO NOT ARISE 
IN MOST FIXED NETWORKS. 



better. E v e r y t h i n g w a s o p e r a t i o n a l i n o n l y t w o d a y s . N o w 
c o n s i d e r the c e l l u l a r n e t w o r k i n a n y c i ty . E v e r y s e c o n d , 
seve ra l subsc r i be rs d i s c o n n e c t t h e m s e l v e s f r o m o n e p o i n t of 
en t r y to the n e t w o r k (base s ta t ion) a n d e s t a b l i s h a c o n n e c t i o n 
t h r o u g h ano the r one . T h i s h a p p e n s a u t o m a t i c a l l y a n d i m p e r ­
cep t i b l y to the h u m a n u s e r , e v e n i f that p e r s o n has a c a l l i n 
p rog ress at the t ime . 

T h i s i m p r e s s i v e feat i s c o o r d i n a t e d b y the c o m p u t e r s 
that c o n t r o l the s w i t c h e s i n F i g u r e 3. In s o m e p l a c e s , these 
c o m p u t e r s a re h a r d p r e s s e d to k e e p t rack o f the c h a n g i n g 
l oca t i ons of t e r m i n a l s . In the bus ies t c e l l u l a r s y s t e m s — i n 
N e w Y o r k a n d L o s A n g e l e s , f o r e x a m p l e — t h e r e a re a b o u t 
200,000 subsc r i be rs a n d 100 b a s e s ta t ions . N e t w o r k s a re o r g a ­
n i z e d h i e r a r c h i c a l l y , as i n F i g u r e 3 , w i t h n e t w o r k c o n t r o l 
concen t ra ted i n the s w i t c h e s . T h e bus ies t s w i t c h e s t o d a y 
con t r o l a b o u t 60 base s ta t ions each . T h e c o m m u n i c a t i o n l i n k s 
b e t w e e n the base s ta t ions a n d the s w i t c h e s rep resen t a s i g n i f i ­
cant f r ac t i on o f the cost of o p e r a t i n g the n e t w o r k . U s u a l l y 
these l i n k s a re c o p p e r w i r e s o r f i x e d m i c r o w a v e fac i l i t i es . A s 
sys tems g r o w , o p t i c a l f i be rs w i l l b e m a j o r c a n d i d a t e s fo r 
p e r f o r m i n g th is task. H o w e v e r , i t is no t c lear w h i c h f i be r 
p l a n t is best s u i t e d to the job. Is i t the o n e o w n e d b y the l o c a l 
t e l ephone c o m p a n y ? Is it a cab le t e l e v i s i o n b a c k b o n e ? O r is 
the best s o l u t i o n to b e f o u n d i n a s p e c i a l p u r p o s e n e t w o r k 
i ns ta l l ed o n l y f o r p e r s o n a l c o m m u n i c a t i o n s ? 

R E S E A R C H I S S U E S 

A n o t h e r m a j o r c o n c e r n fo r researchers i n t o f u t u re n e t w o r k s 
is the a b i l i t y o f con t ro l l e r s to m a n a g e n e t w o r k s that a re o r d e r s 
of m a g n i t u d e m o r e c o m p l e x t h a n the ones w e h a v e n o w . T h e 
a d d e d c o m p l e x i t y w i l l a r i se f r o m a t e n f o l d i nc rease i n the 
n u m b e r o f s y s t e m use rs . T o a c c o m m o d a t e th is g r o w t h w i t h i n 
a l i m i t e d r a d i o s p e c t r u m a l l o c a t i o n , i t w i l l b e necessa ry to 
h a v e m a n y t h o u s a n d s of base s ta t ions i n a m e t r o p o l i t a n a rea . 
T h e s a m e p h y s i c a l c h a n n e l s w i l l b e i n use s i m u l t a n e o u s l y i n 
d o z e n s of base s ta t ions , a l l sepa ra ted just far e n o u g h to a v o i d 
d a m a g i n g m u t u a l i n te r fe rence . T h i s channel reuse i s the hear t 
a n d s o u l o f c e l l u l a r c o m m u n i c a t i o n s . 

N o w , the h i g h e s t d e n s i t y n e t w o r k s h a v e base s ta t ions 
sepa ra ted b y a b o u t 2 k m . T o mee t f u tu re d e m a n d , th i s s p a c ­
i n g w i l l h a v e to c o m e d o w n to the o r d e r of 200 m o u t d o o r s 
a n d e v e n less i n s i d e c r o w d e d b u s i n e s s p r e m i s e s . W i t h i n 
these microcells a n d picocells, n e t w o r k r e a r r a n g e m e n t s w i l l 
take p l a c e t h o u s a n d s o f t i m e s m o r e f r e q u e n t l y t h a n t hey d o i n 
p resen t c e l l u l a r s ys tems . T o m a n a g e the v o l u m e o f c h a n g e s , 
i t m a y b e necessa ry to a d o p t a n e t w o r k a rch i tec tu re r a d i c a l l y 
d i f fe ren t f r o m the h i e r a r c h i c a l one o f F i g u r e 3. 

F i g u r e 3 r e m i n d s m e o f a i r t raf f ic c o n t r o l . A c o n t r o l l e r at 
the a i r po r t tel ls each p l a n e w h e n it c a n take of f a n d e x a c t l y 
w h i c h a l t i t ude a n d d i r e c t i o n i t c a n a d o p t . T h e p l a n e c a n 
c h a n g e cou rse o n l y u n d e r c o m m a n d o f the con t ro l l e r . W h e n 
the p l a n e leaves one c o n t r o l a r e a , the c o n t r o l l e r h a n d s the 
f l i gh t of f to a con t ro l l e r i n a n o t h e r a rea b y t e l l i n g the p i l o t to 
tune to a n o t h e r r a d i o c h a n n e l . T h i s p r o c e d u r e c l o s e l y p a r a l ­
le ls the handoff o p e r a t i o n o f c e l l u l a r s y s t e m s . W h e n i t m o v e s 
to a n e w l o c a t i o n , the c e l l u l a r p h o n e rece ives a c o m m a n d to 

F I G U R E 3 : H I E R A R C H I C A L S T R U C T U R E O F C E L L U L A R N E T ­

W O R K S . C O N T R O L IS C O N C E N T R A T E D IN T H E S W I T C H E S . 

F I G U R E 4 : C O N T R O L O F T H E C E L L U L A R P A C K E T S W I T C H T A K E S 

P L A C E IN I N T E R F A C E U N I T S D I S T R I B U T E D O N T H E M E T R O P O L I ­

T A N A R E A N E T W O R K . 

t u n e to a n e w r a d i o c h a n n e l . O n e p r o b l e m w i t h o u r a i r t ra f f ic 
c o n t r o l s y s t e m i s l i m i t e d capac i t y . T h e s a m e t e c h n o l o g y 
c o u l d n e v e r c o p e w i t h the v o l u m e of t ra f f ic w e h a v e o n o u r 
r o a d s . T h e c o n t r o l o f a u t o m o b i l e t ra f f ic i s w i d e l y d i s t r i b u t e d , 
w i t h e a c h v e h i c l e m a k i n g d e c i s i o n s b a s e d o n i n t e r n a l k n o w l ­
e d g e o f w h e r e i t w a n t s to g o a n d o n o b s e r v a t i o n o f l o c a l 
c o n d i t i o n s . 

I n P e r s o n a l C o m m u n i c a t i o n s , the a n a l o g o u s d i s t r i b u t e d 
c o n t r o l a p p e a r s i n the a rch i t ec tu re o f a Cellular Packet Switch 
i l l u s t r a t e d i n F i g u r e 4. H e r e a l l base s ta t ions i n a se rv i ce a rea 
a n d a l l c o n n e c t i o n s to the f i x e d n e t w o r k a p p e a r o n the s a m e 
f ibe r o p t i c m e t r o p o l i t a n a rea n e t w o r k . Ins tead o f i n f o r m a t i o n 
s t reams o n d e d i c a t e d r a d i o resou rces o f a c i r cu i t s w i t c h e d 
s y s t e m , the C e l l u l a r P a c k e t S w i t c h a s s e m b l e s i n f o r m a t i o n i n 
sho r t b u r s t s , c a l l e d packe t s . E a c h p a c k e t ca r r ies i ts o w n 
s o u r c e a n d d e s t i n a t i o n a d d r e s s e s i n a d d i t i o n to u s e r i n f o r m a ­
t i o n o r n e t w o r k c o n t r o l i n f o r m a t i o n . T h e s e add resses enab le 
the p a c k e t s to r e a c h the i r d e s t i n a t i o n s w i t h o u t the i n t e r v e n ­
t i o n o f a cen t ra l con t ro l l e r . I ns tead , n e t w o r k c o n t r o l is d i s t r i b -
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uted among hundreds of metropolitan area network interface 
units, each associated wi th a base station or a port to the f ixed 
information service. Packets share, on a statistical basis, the 
transmission resources of the metropolitan area network. 

Wi th this architecture, when a terminal moves to a new 
cell, it observes the local environment and makes its own 
decision to use a specific base station and radio channel. When 
the terminal starts sending information to the new base station, 

the interface units on the metropolitan area network recognize 
the change in location and re-route outgoing information 
accordingly. Each interface unit caters to the needs of one 
phone call. This eliminates the threat to hierarchical systems 
posed by a flood of location changes that in a short time 
overwhelm the processing capacity of a central controller. 

In addi t ion to the network elements shown in Figures 2-
4, advanced wireless networks w i l l employ specialized data­

bases to manage subscriber access to 
the network and to keep track of 
everyone's location. There w i l l also be 
several software-intensive devices for 
systems operations, administrat ion 
and maintenance. W i th the Cel lu lar 
Packet Switch, the databases and other 
devices w i l l appear as clients and serv­
ers al l connected through the metro­
politan area network. Current research 
is focused on several network control 
topics, inc luding a new network op­
erating system, referred to as WIN*OS, 
that w i l l manage al l of the network 
elements, even as they grow, shrink, 
and change location. Other research 
topics include the apportioning of con­
trol tasks among the various network 
elements in a manner that maximizes 
reliabil ity and efficiency. 

IT TAKES A LOT OF WIRES TO 

BE WIRELESS 

Future personal communicat ion net­
works w i l l liberate humans from their 
tethers to information services. Para­
doxically, we need an intricate "w i red" 
network infrastructure to make this 
happen. This infrastructure w i l l de­
l iver not only telephony to a large 
number of densely spaced terminals, 
but also a wide variety of other infor­
mation services. Escalating require­
ments w i l l call for advances in the 
infrastructure. Astute deployment of 
photonic communication technologies 
w i l l be essential to the success of Per­
sonal Communicat ions Services and 
other wireless networks. 

The optics and photonics com­
munications community has created 
impressive technology for other ap­
plications, such as undersea commu­
nications and television distribution. 
The coming years w i l l cal l for inven­
tions matched to the far ranging needs 
of the next century's wireless infor­
mation networks. 
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