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PART I: A STUDY OF METERING

SUMMARY AND CONCLUSIONS

This draft document reports primarily on the current status
of the metering study. Its purpose is to document, in rough
form, the state of progress but is not intended to be a full
polished exposition.

Our conclusions, as of 14 September, are summarized below:

1) The original aims of routing and metering still ccem
to be valid; to increase throughput and efficiency on
Lie ianwes bulll roullay anG uETering are needed.

2) The original proposed metering scheme performed pcorly.

o

3) A new metering scheme was davelope

(o))

and appears te work
quite well.

4) Testing of the metering was done by simulation and with
| fixed rdﬁting. The interaction with dymnamically changing
routes still ought to be evaluated for applicability

as well as for technical operation.

5) The estimate of neceded core memory has been deferred,
but a comparision with the old scheme is posgible.
The new scheme will undoubtedly allow a savings relative

to the o0ld scheme.

Our primary recomendation is to proceced with an implementation

of the new algorithm, for purposes of testing but not yet for

phasing over. A more concrcte approach i1s now appropriate.

The study will probably be beneficial to continue at low key at
least until the implementation is finished and availeble for

testing.
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I. INTRODUCTION

This draft document describes the current status of our
study oOn rouﬁiﬁé and metering in the ARPA network, The
routing estaﬁiiéhes paéﬁs through the network along 'Which
packets are allowed to flow. The meté?ing regulates the

flow of packets along these paths,

puring the course of this study, we focused our attention on

the definition and evaluation of a metering procedure. A

gimulation brogram was constructed to aid in the process of

algoritrm definition and evaluation, Using this simu. tion,
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avosal considered in an earlier stu

tu;

to per.orm poorly, In sSection IXI, we describe a nev

MEeleriny procegure wnich nas rroven tTo WOrLK guite vwell in

numerous tests, A brief description of the simulation
nrogram usSed in the testing is given in sectien 1IIT, Some

-

exparimental results are presented in section IV along with
g s .

an evaluation of those experiments. Some conclusions are

contained in section V,

“he earlier study descrihed a routing procedure that was

starting point in this study. To concentrate
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entirelv on meteriro, the dynamics of the routing procedure

cera i-ninited and metering was contined to operate with a

sot of rnutes fixed in advance for each case,. A stugdy of
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the relation

deferren,

between

dynamic routing
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and the metering was
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1T, PECHHNICAL DESCRIPTION OF METERING

The flow of trafffé is metered by the IMP's to stabilize the
huildun of'“fiég and * to allow the spacial distribution of
traffic to ©Dbe slowly adjusted for incféased flow, if
possibla, Metering reculates the maximum traffic to each

destination allowed to pass through each IMP,

"wo aistinct and independent meters are maintained Dby each
TMP, one svecifically for combined Host input and a second
meter for combined output to lines., There are four cases to

considoer:

‘) traf+ic arrivinag from an IfP and headed to another INP is

reaulart

P

ed only by the line meter,

—

4
u

fic arriving from the Host and headed to another

ig is regulated by “*he Host meter and then by the 1lin

[t

3) traffic from ancother THP headed to a Host at the current
MNP o1s not metered in tne destination INP.

i) *trafiic from a host at the current IHP and headed to

T

=novther iHost at the current Imnp is not metered (i.e. the

et moter ig deaetivated in this special cases)

‘he reiation or these two teters is illustrated

schema-c3lly in figure 1 bhelow,
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Figure 41, Lelation of Host and Line leters

“ach metsr onerates on a threshold crossing principle using

rair 2% counters T an

will

zecti

holie!

o
o
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D per destination, For clarity, we
foous on traffic to a single destination in  this

on and only consider the corresvonging two counters for

o N
hJ

nCctinatlon,

“he counter D 1s a slowly adiustable threshold. The counter

time hawe by regularly counting up, V¥When C

¢ provides g z
v o
2quals or exgeeds L, traffic is azlloved to flow Ppast the
eter, “thervise traffic 1w inhibvited from flowing, The
irirs on C oare ¢é<’i52«?f". For each packet to a given
fgnrianiion that passes the Neter ancd is placed on a gqueue,

necramented by D, te reset the time bhase, Every unit
oo (definad to he 20 ms, irn this memo) C 1is

smorred hy a constant , uhless the unper limit 2D  has

v been attained, Tt T = 2D anda the D limit decreases

« U ois also decreased to 2R,
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The connter D is initialized to zero, and in steady state

with ©» <congestion both C and D reimaln at zero, When

congestion begins to occur, the threshold D is allowed to
rise thus permitting the input traffic rate to be reduced.

"he action of these counters is illustrated schematically in

)

figure 2 below.,'u$he shaded sections on the D line, just
helow tbe clivped preaks, indicate the periods when traffic
is =allcved to flow, with a constant and heavy offered
traffic load, C linearly <Counts up until it reaches
rhresholé D at which time one packet is permitted to pass

and C is reset to zero.

PACKET QIEVE

(\— PLaccment S

\
4

N

Fiqure 2. Threchold Meteriny with C and D

“rne lavel of D reculates the flov. When D 1s zero, packets
rAY Done +ne metor freely. Wwhen D is surficiently lardge,

nacwe s may rarely nass  the nmeter, Various choices of
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constanrts  have beasn tried in the simulation, In the latest

version, C is incremented by 30 every ,unit of time. The

-

limit on D iS.SWﬁ; thus C can count up full scale to 1209 in

~bout a half second.

The thresholi D - 4s incremented only when packets are
"negatively acknowledaged"®,. Three types of acknowledgments =~
nositive, null, and negative - are intrcduced, with only the

Latter one being used to affect D,

¥or *he moment, let us focusS on packets arriving from a

neisrnoring IMP, The situation is only slightly different
“0r mac<ots arriving frorm a Host, as Ve shall see, Each

'hich pasnses the line meter and is placed on

a guoyge ig positivelvy acknowledqed, Dach packet vhich

~rrives  corractly bhut fails to achlieve a gqueue placement
{twn =nueibilities - no voom for phuffers or a dine meter

redjeactian) is discarded and nagatively acknovwledded, For
each 7acXot whieh arrives in error a null acknowledgement 18

returasi ardq the packet +«1ill be retransmitted.

v

JEN
-
<2

e | counter is incremented by for each roceived
gt LU ac«nowledoement, but is unatfected by paesitive and
nall 3-anovleddements, “nhe D c¢gounter iy decremented by one

evervy o3t of time. When D equals o/ (tne upper limit) one

m3ctet o plloved to wass at Most every quarter socona, For




~
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P

P

7 equal to 5%, one packet may pass at most every 20 ms, " The
rorvresoonding  maximum data rates are approximately 4

vilonits/sec and 8% kilorits/second respectively,

‘

“he use of negative acknowledgements (nacks) 1s essential,

id

0
®

corn T for  examole, the following situation which
illustretes how a npoor flow of traffic can result if

nedative acknowladogements are not used,

—

\C

D ToC

Fiosure 3, ihe Yeed for HNevative Acknowledgrents

‘he c¥Tored traffic to C is 5¢ kilobits/sec from one Host,

o+

e of oreA traffic to »ois 52 kilorits/second from each of

Tour ot s, A full queue will puvild up at B headed to D. A

13

ARV il] not huild up  at B headed to C, The 1IMNP at &

—

~irect about 3/4 traffic headed to C on the route to

civoe  at  most  onlv /4 of its trefiic will be able to
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reachr C. This distrihution is possible using nack's from B,

hut not ir  time bv using information local only to A, In

+he other ¢

Y

ot
-

[N
-
-

zircuit bandwidth,
The varcentadae of,nsteaéy state nack'd traffic must Dhe
reasonanly small for efficient use of the circuits, yet not
o small as to be useless for regulation, A 10% nack rate
at full capacity abvpears to be an acceptable upper bound.
Tnerementinag D by 19 for each nack and deZrementing D hy one
ser unit of time corresponds to a 16% steady state nack rate
At A7 xilobits/second

“he ar~in{or duantization) on traffac reqgulation is related
<5 *ha nackx Trate, Yo regulare down to Ssay 5 kilobits/sec
recuyres that a nack every 1%  time units just wainta}n
stesiy =tate. “hus., if D is incremented by 18 per nack ana

fecreascted hy 1 ver unit of time, only data rates abcve 5

1lated. ror this choice, with 5%

)
—
2
%
1
i
~
j94]
2
]
@]
[83}
b
jeg
D
Lt
Re3

af vratfic metering will occur when at least
Y5 ¢4 rne traftfic ie necatively acknowieaged. Witn undger o
silnnits ssec Of traffic metering is inibirted regardless of
e natk raie, Tn this <case, the net typlcally reverts
“yisviv +o minimum hop routing., For these values, a full
crale traverse of o otakes sllchtly over a Second. It takes

Lozt 1 seconds for D te drop full scale.

se, tfaffic to C would be lowered to 1/4 of the
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necreasing D by one per unit time allows the flow to

stahilize. Necreasing D by one per acknowledgement (rather
+nan bY one mer unit time) makes the regulation independent

of rate and therefore causes no regulation to be possible,

Decreasing D every n units of time (provided that one or

more nack's has.. cccurred over that period of time) is
aquivalent to decreasing D every unit of time, The

rorresonnrding increment €or D in this case may be made equal

“+0 14 (nr anv other number) by a suitable selection of n,

"raffic irom the Hest is metered in a similar wav using

“pSsonac nacks", For every packet from the host or hosts
thzt fails to oOhtain quene placement and must therefore be
neld DY the host routine, the host D <counter is

avproprizstely incremented. The host nmeter in  tandom with
-ne 1ine meter 1is eguivalent to a Single meter with a

*nresncla equa +5 the Sum 0of the two D counters,

LY
The naroese of the host meter is to prevent the host from
rnfairly obftainine an undesirablly large portion of circuit

rarAaviachk ac illustrated in Flaure 4 helov,

(,1'\/0: LIVE
At RS METEA
¢ v

GG
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Figure 4, The Need for Host Metering

¥hen fhe hosts at*? and B are sending tc € at maximum vrate,
the "quene axk-é. will fill, Host A will be:regulated to a
tric<le of traffic by the line meter at A yié.nack's from B;
Ut  host B will_“not "be Tegulated (Since no nacks are
returned from C) and will therefore gain an unfair
cornetitive advantage in vieina for the circuit to C, Thus,
rost B muSt he regulated and a host meter is used for this
surpcse, The reservation of buffer space by the floé
con+ro) alanrithm cannot apbortion the two flows equally
since, nuffer space will typically always eXist at the
festinztion

FOS

anly ore pair of counters ver destinaticn per IitP  and only

the +tn+<n) +raffic flow per destination through the INP is
matared, Powaver, the meterg purposely do not determine

~ntn ¥-ich outbut link to route the racket. How then is the

,_
e
“
.
-
o
S
«t
$4

iine selectes? The particular choice is atfected by

rne fac* the no aveve is ever alloved to get very large,

.+ nrecaivvese that a set of routes have been opened from
caACcH T v vt a4 given destination. “his procedure involves

Asmienise a o directieon to each lire to tnat destination  ana

'y

~nly a.lowiny rraffic  to flow one vwav, In this study, vwe

“gmure rhece dlrections vay not he chancved aynamically, The
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are assianed priority according to the initial order

txnlishment, L sample network with fixed routes to

nation Imp 7-is shown in Figure 5 below,

\‘

"igure S5, n Sample Y¥etwork with Fixed Routes,
s sancaentrate on the outvbut lines for Imp 2 in the
a, Traffic rassirag IidP 2 heading to INP 7 has three
~1s outout lines lancled a, b, and ¢ respectively in

Loare, Let us suppsse a has priority 1, b has priority

Py

c has rricrity 3. If an arriving packet passes the
inn st 2, an attemprt will first pe made to place the
t an the output aduneune for a; it no bufrer placement is
ar o on A, Aan attemnt will bhe mace to place the packet on

Attt aousude for lina b, 1f no nuffer placerwent is

w5 nn b, an attempt will he made to place the packet on

HuT o gunle for C. Tf all attempts fal1l, the packet is
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ficcrréed  and  a negative acknowledgment is returned, i1f a

rack is then received on b, the priority ordaer reverts to a

oG with priority order b a ¢ to begin, a nack on line a
will vi=ld order b ¢ a and so forth,

»

R cyclic permutation of the priorities whenever a nack 1is

received on the hicgh-priority line is known to approximate

virchoffe law for current flow, That is, if the nack rate
on nach line (nack's per unit time) is given by Ra Kb and RC
respentivelv, the percentage of packets sent out line a is

alvan nv

Syer asm for cuirent flo¥ in a resistor networi 'where, in
Fast on TR, the =©'s dorraspond to +the vresistances, The
nairviee 1ﬁtprchango nf opriocrities is not as simple to
anslvticaleiv, Various other Scheres that achieve a
CimAe o nrahabilistic flow ovVer the Various output lines
v bﬂén :onsjﬁ§ren Ana mayA provide some incremrental
Sar e ovatents, Hovever, each 1s a variant of the scheme

resenioad heare . whicn anpgars te be Ffundamrcentally Ssounrd,




III, SIMULATION

In view of the general difficulty of a satisfactory mathematical

" analysis of the behavior of proposed metering algorithms, a simula-
tion tool has been developed to aid in the study of this area. The
simulation program (IBM 1130 - FORTRAN) generates routes and
meters messages on a per packét basis through an IMP network. Vari-
ous statistics on message flows are accumulated and metering counter

variables are observed.

The program currently operates with fixed (arbitrary) routing
which allows alternate paths. Extension of the simulation to incorpo-
rate dynamic routing algorithms would be feasible but is not attempted

at present.

The basis of the simulation is to treat time in 20 ms segments,
-each assumed just sufficient to transmit or input a single packet
message. Each packet is independent; reassembly is not simulated.
Packets which reach their destinations are immediately removed.
Packets enroute are kept on queues and processed on a first in/first
out basis. Each output line has a reserved store and forward buffer

for five packets.

The simulation assumes the availability of negative acknowledge-
ments (nacks). The flow of acks or nacks is not simulated (they are

detected instantly).

The following is a summary of some of the pertinant character-

istics and parameters of the program.

1. Input (input cards) consists of:
a. IMP connections (16 IMPS, 4 lines/IMP (max))
b. Routing
c. Message traffic (intensity to each destination)

d. Metering algorithm parameters
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2. Output (printout at selected 20 ms time points)
consists of:

a. Metering counter contents.

b. Store and forward queue contents (all packets).

c. Cumulative counts of number of packets: .
(1) Attempting/succeeding input from host.

(2) Attempting/succeeding transmission to
adjacent IMP,

(3) Delivered at destination.

(Counts are subdivided on a destination basis.)

3. Host/IMP connections and timing.

a. Each IMP has a single host supplying it with
traffic for the net.

b. IMP to IMP lines transmit one packet (or none)
or 20 ms basic time (50 kb).

c. Host 7o IMP lines input two packets (or none or
one) per 20 ms (100 kb).

d. Thus for each 20 ms there are three processes
defined at each imp (line transmission-host
input (1) — host input (2)). The order of these
three processes at all IMP's is randomly
scrambled anew each 20 ms interval.

4, Packets/queues.

a. Packets carry three designations (time of entry,
origin IMP, destination IMP).

b. Packets are kept on store and forward queues
assigned to an output line. Maximum queue
length per line is 5.

c. Queue processing is first in/first out.

No reassembly at destination is done. Packet
is removed.

5. Routing/metering.
a. Routing is fixed, allows alternates.

b. Metering is modeled in detail, based on meter-
ing counters and priority shifts.
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Routing and metering of packets is driven by
instantaneous acks/nacks.

Failure to input packet from Host results in
hanging host.

Failure to transmit packet successfully to ad-
jacent IMP results in internal packet reassign-
ment to alternate route (if any).

6. Traffic generation,

a.

b.

Fraction of Host capacity (100 kb) assigned to
each destination is specified.

Packets are generated independently at random
according to this distribution of their respec-
tive destinations. (Host has no memory for
failed input.)

Unused capacity is specified by a dummy (null)
destination,

7. Program data.

Size is approximately 400 FORTRAN statements
compiling to 3800 program instructions exclusive

of utilities, routines, and requires 8900 table

locations., Running time is about 10 x real time,
but depends on net dimensions.
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IV. SOME EXPERIMENTAL RESULTS

Experiments using the packet flow simulation program have pro-
gressed through two phases. In the first phase we investigated the
metering algorithms which were originally proposed. The results of
these first experiments were uniformly unsatisfactory, indicating that

the original algorithm could not work.

Phase I

The following network was used in this series of experiments.

Traffic is generated at IMPs 1 and 2 for IMP 5. IMP 1 has a first
priority route through 2 and a second priority through 3-4-5. IMP 2
has only the direct route to 5. (Additional traffic for IMP 5 may be
injected at IMP 3.)

The first observation made of this system was that IMP 2 input
got as much line capacity as it needed and IMP 1 input traffic took the
rest regardless of the competing IMP 3 input. IMP 2 was always

dominant.

The explanation is that since 5 is the destination, no nacks are

generated on attempts at 2-5 transmissions. Thus metering counters
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at 2 do not inhibit assignment to queues there. Host input at 2 always
gets through if space is available on queue, and it is not deterred by the
occurrence of refusals, On the other hand, méters at 1 are activated
by such refusals (they produce nacks) and this metering reduces the

assignment to queues at IMP 1.

Thus it became evident that the process of metering as originally pro-
posed was incomplete and an additional metering of host inputs were
required. Subsequent expefimenté were carried out with this additional

metering.

We next determined that although this improvement produced a
more equitable use of the line 2-5 by inputs at 1 and 2, we could not get
the metering to properly divert the input at 1 from the route 1-2-5 to

the alternate 1-3-4-5 without simultaneously inhibiting input at 2.

The reason for this behavior is that the both packet flow from 1 to
2 and input at 2 encounter the same average occupancy conditions while
competing for space on the output queue at 2. Thus the nackprobabilities
are similar. Since it is the nacks that drive the metering system (a
given nack rate leads to a specific metered flow), the metered level of
these two packet flows is adjusted to an approximate equality regardless

of conditions on the alternate route 1-3-4-5,

A simple mathematical result (discovered after the experiment)
shows that this defect is quite general in metering algorithms of the initially
proposed type. For example, focus attention of a given IMP with traffic

for a single destination and three alternate output lines.
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On line i let fi be the metered packet rate (say per 20 ms) and r,
the rejection (nack) probability at the adjacent IMP. Let@ be the D
counter increment when a nack is received and B the decrement in real
time (per 20 ms). Then if meter i is regulating, the up and down rates

are in balance. That is,

or

w

which shows that fi is independent of conditions on other lines (i.e., the
other r's),
Now attempt a modification in which a nack on line i increments

Di by & but also decrements other D's by an amount §. We would have

at equilibrium,

O!flrl - 6f2r2 - 6£3r3 = B
-5f1r1 +Q’f21‘2 - 6f31’3 = B
~8f.r +af r., = B

171~ 8T, 373

The obvious solution of this set of equations is

"a result not significantly different from the above.

In fact. we see that any set of three equilibrium relations in terms

of nack rates firi can be solved to provide

f.r. = constant.
i'i i
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which is inadequate for multiline metering. (No solution or multiple
solutions are equally bad, for then the metering is physically as

well as mathematically indeterminate or equilibrium is impossible.)

By a series of intuitive judgments, a new metering algorithm was

proposed. This algorithm

1. Replacedthe fixed priority order of lines (per desti-
nation) by a freely changing order controlled by the
received nacks,

2. Deletes all but a single joint metering C/D counter
for all output lines (per destination),

3. Retains the host input metering (per destination) as
explained above,

Output meter D counters are increment by nacks on any line. Host
input D counters are incremented by failure to place input packets on

queue.

All D counters are decremented in real time. The priority order
of any line receiving a nack is interchanged with the next lowest order

line (if any).

Phase II

Experiments done with the new algorithm have been quite success-
ful. It does the proper things in each situation that has been examined
so far, Although the rather erratic behavior of the priority switching
causes traffic "banging' to occur, we have as yet not been able to devise
a test which shows a detrimental effect of this behavior or a reflection

in the external world.

The experiments were done with the following parameters which

proved generally satisfactory.
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C (increment) = 1

D (increment) = 1/5 ()
D (decrement) = 1/50 (B)
D (maximum) = 12

D (minimum) = 0

C (maximum) = 2D

C (minimum) = 0

In the following diagrams the lines are all of 50 kb capacity, the
input traffic rates and line rates are indicated in kb, Underlined figures
are successful flow rates; not underlined indicates attempted flow (may
have been nacked or refused input). Paranthesis indicate destination
of flow. Initially line 1-2 has priority over 1-3 alternate on the diamond

nets.

Experiment 1

S0 kv (4)
fe

First nack on 1-2 switches the first priority to 1-3 which then

continues indefinitely.
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Expeliimenﬁ 2

20.% kb (H)

Experiment 3

396%p(2) 322
HO.R kb (3) Yoo
19.5 Ko () 1q.§

N Ho.o (30 4o

o

27 ) 2.7

——.

In this case priority never switched.

Experiment 4

20,0 kb4 (4}
i/ 9.5
12,3
Vi A
£.5 kb &)
3.3 —>

e 018D ()
T 3.6
Fus.g

5.0
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Experiment 5

268 kY (4)

Fork (¢) - e GOKE 1Y)
yo.s T2 36,8

L2

Experiment 6

29 Chb ) 24, |
“7-9'(’;}(5’) 6/4.3

HLSTRE () 229

22,0 (4) 24,0 N 29,0 () 22.6

7.3¢5) 23

) LS N 9208 9,2

&

Experiment 7

22,9 KLYy 23.9 Yol Kbey) 25.8
400 Kb 21,9 A

227 61} 230 N\ /
2L9 (5} al.g 3lo ) 258

waae) 4t o s 2LE/s) ang
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Experiment 8

The 10 IMP network was as follows:

Traffic was generated from every IMP equally to every other IMP.

Only single shortest routes were allowed.

It was found that nothing much happened below a traffic level of
36 kb total input at each IMP. Almost all transmissions and inputs
succeeded and metering did not operate, At45kb and above,metering
- did operate (witho/B = 10 but not witha/B = 3). The results at 45 kb
with metering disabled did not appear much different than with
metering turned on as might be expected from the fact that no alternate
routes were available.

Experiment 9 J/L/ © K‘*‘(’/)

RN

-\ foKRbCY)

N A

In this experiment a closer look was taken of the shift in route

priorities at IMP 1. Initially the 1-2 route had first priority. We found that

qo kb (4)
-

the metering had the following "banging'' tendency after an initial settling

period:




1. Traffic is assigned with priority on the 1-2 path (say)
colliding with input at 2.

The queue at 2 builds, the queue at 3 unloads.

Finally a nack is returned from 2 to 1 which shifts
priority.
4. Now the queue at 3 builds, the queue at 2 unloads, etc.

The period of this variation is random but averages about 10-15
packet times (~ 250 ms). The input metering at 2 and 3 is not entirely stable,

andalso shows some oscillation. The metering at 1 is quite stable.
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SOME CONCILUSIONS

1. The current metering algorithm appears to fulfill two main functions

assigned to it:

a. It proportions traffic properly among alternate routes in
inverse relation to the resistance as perceived through

the nack rate. (Shown by the diamond experiments.)

b, It suppresses high volume traffic at the source so as to
allow low volume traffic for other destinations to use
the net. When, however, the low volume traffic increases
to match the high level, a proper competition occurs.

(Shown by the cross experiment, )

2. Metering is not effective where there is a dispersed traffic flow (all
Hosts to all Hosts) even though the total traffic is of high volume. This
results from meteringona per destination basis only. Metering is most
effective when only a few users try to dominate the net with high volume
traffic to a limited number of destinétions. (Shown by the large, 10 IMP

net experiment.)

3. The current algorithm causes traffic ""banging'. However this does
not appear to affect flow efficiency. The effect of banging on the pro-
posed routing algorithm, however, is more difficult to assess. It is
becoming clear that the metering and routing algorithms may interact.
Smoothing of the priority switching may be required for satisfactory
metering/routing algorithm operation. We have at least one proposed

way to accomplish this. (Banging is illustrated in the last experiment.)
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NOTES ON THE SELECTION OF «, B

The selection of @,the D counter nack increment,and B, its real

time decrement,is influenced by the following considerations.

1. Since nacks occur randomly,%, B should both be small in order that

the resulting D level be stable and smooth.

2. Ifa, B are too small, the D counter will not be able to respond

rapidly to changing traffic conditions.

3. The ratio B/o controls the nack rate upon which the metering operates.
B/a should be small in order that nacks be infrequent, This leads to good line
efficiency, and operates the queues mostly in an unloa.dcd condition. The

smaller B/ is selected, the smaller the volume of traffic that can be

'successfully regulated. Otherwise, for sufficiently small traffic flow, the

nack rate will be too small to support a nonzero D level,

4., However if B/ is too small, the nack becomes a rare event; B and & must
then be made individually small yielding heavy smoothing and a very sluggish

response.




