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A Long Line for a Shorter Wait at the Supermarket

Robert Caplin for The New York Times
Sam Baris directing customers at Whole Foods in Columbus Circle, where the long line moves quickly.
By MICHAEL BARBARO

Published: June 23, 2007
SIGN IN TO E-MAIL

OR SAVE THIS
Show New Yorkers a checkout line and they’ll tell you whether it’s
PRINT
worth the wait.
REPRINTS
Starbucks at 9 a.m.? Eight minutes, SHARE
Readers’ Opinions head to the next one down the street.
ARIIEL_E TOOLE
Share Your Thoughts Duane Reade at 6 p.m.? Twelve e

_ _ _ o<chus
What are some of your recent minutes, come back in the morning. o II 2

checkout experiences?

= But now a relative newcomer to Manhattan is trying to
Post a Comment . .

teach the locals a new rule of living: the longer the line, the

shorter the wait.

Multimedia
Come again?

For its first stores here, Whole Foods, the gourmet supermarket, directs customers to form
serpentine single lines that feed into a passel of cash registers.

Banks have used a similar system for decades. But supermarkets, fearing a long line will
scare off shoppers, have generally favored the one-line-per-register system.

By 7 p.m. on a weeknight, the lines at each of the four Whole Foods stores in Manhattan
can be 50 deep, but they zip along faster than most lines with 10 shoppers.

http://www.nytimes.com/2007/06/23/business/23checkout.html?_r=1&th&emc=th&o... 23/06/2007
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Onia Afernoon, Eiva:Lines Because people stand in the same line, waiting for a

(n a recent Sunday, a visitor
checked out at five Manhattan delayed by a coupon-counting customer or languid cashier.
grocery stores, which use a

variety of checkout systems.

register to become available, there are no “slow” lines,

And since Whole Foods charges premium prices for its
organic fare, it can afford to staff dozens of registers,

4 m/}.md%w |Z making the line move even faster.

Union Square
“No way,” is how Maggie Fitzgerald recalled her first

QHE LINE EERRRAETER reaction to the line at the Whole Foods in Columbus Circle.

i For weeks, Ms. Fitzgerald, 26, would not shop there alone,
e —: checkout . . . . . .
assigning a friend to fill a grocery cart while she stood in
‘¥ line.
¥  Regular
vy reqgister
: When she discovered the wait was about 4 minutes, rather
¥  Express than 20, she began shopping by herself, and found it faster

~ register than her old supermarket.

PECPLE IN LINE: 10
WAIT TIME: 12 min, 54 sec

“By now,” Ms. Fitzgerald said of those competitors, “you’d

think everyone else would catch onto this.”
Wait imes and person counts were
collected in nonexpress iines fram 4
to & p.m. o 8 nonholiday Sunday:

Measured wilh a stapwalsh, wart management, is a big deal to big business. Since arriving in

times began upon entering the ne .
and anded when the cashier handed 2001, WhOle FOOdS Stores In Manhattan have won

i bragging rights as the top sellers among grocery chains

The science of keeping lines moving, known as queue

The New York Times—— here, with sales of $42 million per store last year,
according to Modern Grocer, a trade publication.

Some of its competitors acknowledge they are feeling a bit of line envy. “I should give ita
closer look,” said John A. Catsimatidis, owner of the Gristede’s chain, which uses the
traditional line system.

Even New York grocery chains that use a similar system but on a smaller scale admire the
efficiency of Whole Foods. “It's very impressive,” said Jon Basalone, a senior vice
president at Trader Joe’s.

Lines can also hurt retailers. Starbucks spooked investors last summer when it said long
lines for its cold beverages scared off customers. Wal-Mart, too, has said that slow
checkouts have turned off many.

And they are easily turned off. Research has shown that consumers routinely perceive the
wait to be far longer than it actually is.

http://www.nytimes.com/2007/06/23/business/23checkout.html?_r=1&th&emc=th&o... 23/06/2007
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“We have good clocks in our heads for roughly three minutes,” said Paco Underhill,
founder of Envirosell, a retail consulting firm.

“Once we get beyond that, time expands wildly,” he said. “If somebody is there for 4.5
minutes and you ask them how long they waited, they will say 15 minutes.”

In most of the United States, the wait in a grocery store checkout line is negligible — under
a minute, Mr. Underhill has found.

Then there is New York City. Here, hundreds of shoppers, in grocery stores that feel as
cramped as a junior one-bedroom, can wait 10 minutes or more to reach a cashier.

Whole Foods executives spent months drawing up designs for a new line system in New
York that would be unlike anything in their suburban stores, where shoppers form one line
in front of each register.

That traditional system, they determined, would take up too much space and could not
handle the crowds they expected here.

The single-line, bank-style system was quickly chosen for its statistical efficiency. Then,
Whole Foods paired the system with possibly the largest number of registers in the city,
more than 30 per store, and it hired an army of cashiers to staff them throughout the day
(including “floaters” to fill in for those who need a break).

The result is one of the fastest grocery store lines in the city. An admittedly unscientific
survey by this reporter found that at peak shopping times — Sunday, from 4 p.m. to 6 p.m.
— aline at Whole Foods checked out a person every 4.5 seconds, compared with 19.6
seconds for a line at Trader Joe’s.

Granted, it may not be an apples-to-organic-apples comparison, but when faced with a line
of 50 people, it takes about 4 minutes to check out at Whole Foods, half the time it takes at
competing chains with significantly shorter lines. (With a 7-person line at Zabar’s one
Sunday, it took about 8 minutes to check out. With just 10 people in line, it took about 13
minutes at the Food Emporium.)

“Whole Foods has just figured it out,” said Kelli Wicker, 38, who waited less than two
minutes to buy $15 worth of groceries at the Whole Foods at Union Square, despite a line
of more than a dozen people.

Perhaps the most important role players in the Whole Foods system are the “line
managers,” who monitor the flow of people, direct them to a cash register and, when
needed, hold up signs saying how long it will take to check out. In another innovation,
color-coded digital screens are now replacing those humans.

http://www.nytimes.com/2007/06/23/business/23checkout.html?_r=1&th&emc=th&o... 23/06/2007
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Others have tried to copy the Whole Foods system, including Trader Joe’s, a popular
California grocery chain that opened its first Manhattan store last year. But with far fewer
cash registers, lines often snake around the entire perimeter of the store. The waiton a
typical Sunday night is about 20 minutes (which might explain why a screaming match
broke out one Sunday after a customer tried to sneak into the middle of the 75-person
line).

“It is something that we recognize and would like to remedy,” said Mr. Basalone of Trader
Joe’s.

Michael Ridgway, 33, no longer shops at Trader Joe’s. “The line just does not move and
makes it impossible to shop in the store,” he said. But every week, he and his girlfriend,
Jennifer Tolan, 29, queue up, with 50 to 70 strangers, at Whole Foods in Columbus Circle.
“You can’t pick a slow line,” Ms. Tolan said.

http://www.nytimes.com/2007/06/23/business/23checkout.html?_r=1&th&emc=th&o... 23/06/2007



"Whole Foods™ — Union Square, Manhattan

I wish to share with you some pictures I took during the break at "Whole Foods"
supermarket in Union Square, Manhattan.
Attached are two pictures of the cash register queue. A few notes regarding:

- The registers are located at one end of the store.

- There are two groups of fours queues each, one on either side of the registers
area.

- Each of the four queues is assigned a color — orange, white, blue, red.

- When a register is free to accept a client, it's number appears on a screen above
the group of queues, showing which "color" should approach this register. ( the
photo shows — "red line to register 12, orange line to register 9").

- The registers are arranged in two groups with a large aisle between them. Each
group has 10 registers, 5 on each side of the group. There are 3 additional
registers to the right of the right hand group that are not seen in the photo. In total
— 23 registers.

- A person in called only to a register that is directly in front of him/her so that all

clients walk in straight lines and no collisions should occur. (the orange and white

queues will go to registers 4-9 only).
- It goes without saying that I felt I waited under 10 minutes, although the store
was quite busy.

Another interesting feature in the store has to do with it having three stories. Seeing
as this is a supermarket, where people use carts, there are two types of escalators
right beside each other — one for people and one for carts. The cart-escalator is built
so that the wheels are locked into place and the cart is independently stable
throughout the journey.

In short, an elegant and efficient service system. [ was quite impressed.
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Pooling in a Q-Net

Pooling queues : geographic pooling (virtual service center)
servers : capacity pooling (fast vs. slow)
tasks : job design  (later)

Must Covbine Operational 4+ Psychological Aspects.
Rothkopf & Beth, 1987:

Common belief: combining queues is beneficial ...

e.g. banks and other counter systems.
But many operations do not combine queues

e.g. supermarkets, toll booths, rabbinate, doctors,. ..
In favour:

(1) mx M/M/1 (A, i) vs. M/M/m (mA, p)
VA, Vm > 1, the latter has smaller average wait + variance.

i i et g A Iy 6;7 ]
(2) Share equipment éeg, Doctons’ fi';?gab%%; L™ J2p fg}g,w@w}

is' + fha

(3) Fairness perception: no slips or skips ( Qma‘#’ ﬁ .

Against
Homogeneous services

(1) mx M/M/1 not always the “right” alternative to M/M/m;
human (intelligent) customers jockey, join shortest queue, renege

(2) Often alternative to mx M/M/1 is M/M/m with overhead,
namely M/M/m (m, p — 6).

(3) Physically or psychologically prohibitive:
e.g., lines too long scare customers: cars, customers with luggage,

4 T

snake-like queues airports’ customs.

Heterogeneous customers/servers

(4) Depersonalization (doctors, rabbinate)
: : tac,
(5) Think of combining the express-lines with the rest UM+ Bodwpe ( 1996 /

(6) Flexible servers expensive to hire, train, maintain.

Question: Design that “mixes” efficiency and fairness (physical queues)z Vs, 5""""‘”?"/‘”%’95‘“ .
@

Business Growth (Strategic Q-Theory): Kleinrock’s cycle. (1976, Classic) ! fis %&Q%éj @5%%”
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Service Engineering

Pooling Queues (one vs. many) and Servers (slow vs. fast)
Erlang-C

nx M| M|l
A, u

M|\ M |n
ni, u

M| M|l
ni, nu

Multiple queues
Multiple Servers

Single queue

Multiple Servers

Single queue

Single server

—> |l H 7 ;
. . n
: 25 T = T na
<> T # p
Tradeoff Separate vs. single queue Slow vs. fast server
Enabler Process design Technology
Gai Load balancing V7 Maximal capacity V¢
ain
(avoid a long queue & idle servers) <nu Vvs. ny
o A (nA) (nA)
Utilization —=p = =p
# (n) 1 (nu)
Pw, >0} p @ E, (p) @ -
T 1 T | 1
E[W,|w,>0] L L. _ L1
. ul=p np 1-p ni 1=p
|
1 /0 1 EZ 7
EW = — ——e 1
La H1=p # n-p) @ ——£
E[w 1w >0]-pw >0 u n{l—p)
1 1
E[s] ” = - > L
H H nu
= I 1 [
ED/VSJ’S] - m-l-:-—- _}_ir E2,n +1J 6 __1__ __.__1
= E[W,]+E[S] Hol=p uon(l=p) np 1—p




Basic Relations:

Proof:

1= E, , = P(atleastoneserveridle) =

= P[O {serveri idle}]

i=1

Corollary:  1-p<1-E, =

Corollary:  1-E, < n(l-p) =

o0 |,

EW (n,nk,p) < EW (1,nd,nu)
Multiple-slow < Single-fast

Intuition:  E, (p)< p
)7

Ny, i : VS.
7

E,.(p) <

EZ,n < p

N < = E2,}'z (p ) S p
n .
Intuition ?

SZP{server iidle} =n(1—p)

i==]

> P{server i idle} =1-p

- OO

l < 2.0

©

n(l-p)  n(l-p)

®II

EW, (n,nd, 1) 2 EW,, (1,nA,nu)
Multiple-slow > Single-fast

moe,

| H
.E yz

e

Ay

random j

nk |4
SRAE

P

since have an earlier commitment



Erlane-C Properties

Assume an M | M |n queue with arrival rate Aand service rate . Denote the

offered load per server by p = £ .

ny
In steady-state,
Number in Queue:
e {O w.p. 1-E,,
| Geom,(1-p)  wp. E,

Waiting Time Distribution Given Waiting:

According to PASTA, a customer that encounter all servers busy and 7 customer in

queue upon arrival, waits until i+1 customers get service (= i+1 iid exp(nu)

service times).

d Geom(1-p) d I 1 \
= W W,>0 = S, = Exp| mean=—7-: 7——|
i=1 nu 1—p )
Waiting Time Distribution:
0 w.p. 1-E,
W = 1
| Exp| mean = — —— w.p. E,,
ny l1-p
Average Waiting Time:
, 1 E,
ELW, )= B, |, > 0]- P, >0} = - L2
ni 1-p



