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Attachment 15 – Queuing Analysis


Queuing Analysis: Optimization of Customer Service at the ID Card Section

Rationale  

The ID Card section is a “one-stop shopping” facility designed to process customers on a “First Come – First Served” basis.  Incoming customers gather in the waiting area, i.e., a queue, and wait for service.  Informal observations during walkthroughs and interviews with the service clerks determined that customer backlogs are the norm, especially during early morning and lunch hours.  Thus, the purpose of this study is to determine the optimum number of servers required to maintain or improve customer throughput, while enhancing service quality and efficiency.

Data Gathering

Service data was gathered by direct observation of the process.  Customer servicing and throughput was monitored for a business day at the ID Card Section.  Subsequent interviews with the service clerks revealed that this particular day was “normal” or “typical.”  In addition to observing the process flow, we also strived to note any unusual customer behaviors, such as balking or reneging.  Balking occurs when a customer arrives at the section and determines the line is too long.  Reneging, on the other hand, applies when the customer signs in but then decides to leave the queue.

Process

Customers arrive at the ID Card Section and sign in on the log sheet, noting their arrival time.  At least one clerk, but sometimes as many as three, provides service to the customers, e.g., creating new ID cards or resolving related issues.  Clerks process the customers in order of arrival according to the log sheet, thus a FIFO (First-In, First-Out) service discipline.  No priority or favoritism is given to customers of higher rank.  In many instances throughout the day there were higher-grade officers patiently waiting their turn behind lower level enlisted soldiers or civilians.  Overall, it was important to note in that the process appears to function in a systematic and consistent manner. 

Data

See Table One for a summary of the data gathered by observation.  Additional data for customer arrivals during this particular week was collected from log sheet records.  Only general inferences could be made from this data, since some customers did not record their time of arrival.

A review of log sheets for several months showed that the average number of customers is relatively steady throughout the year, i.e., about 50 customers per day.  Slight upward surges were noted for the summer months, but were not determined to be significant in terms of the analysis and recommendations.

Operational Characteristics of the Queue

Following observation and analysis of normal operation of the ID Card Section, these basic characteristics and assumptions were made:

· Calling population – The Section is available to military, retirees, and civilians both inside and outside the MDW.  Since the calling population was large and unknown in quantity, it was assumed to be infinite for purposes of these computations.  The relative error introduced by this assumption would be minimal.

· Customers wait in a single queue of infinite capacity.  Technically, an infinite number of customers can sign in and wait for ID card service.

· There was minimal customer behavior that could be categorized as unusual.  Only 2 of 56 customers reneged (< 4%) and no one balked.  For the computations, we assumed no unusual behavior.

· The interarrival time (1/(), i.e., time between consecutive arrivals, is exponentially distributed about a mean value of 8.18 minutes (8 minutes, 11 seconds).  An average of 7.33 customers (() arrived every hour.  This average appears to be consistent during periods of operation throughout the year.

· The average time spent waiting for service, i.e., “delay”, was 18.4 minutes.  The average total time in the queue, including delay and servicing times, was 28.1 minutes.

· FIFO service discipline procedures were prescribed, implemented, and practiced.  No instances of favoritism or jockeying for service position were noted or evident.

· A single service facility is available for ID card processing.  Customers have no other choices for ID card services on FMMC.

· The facility has from one to three service clerks available at any given instant, bust most often just one.  Each clerk appears to be able to provide the identical level of service.

· The service time, i.e., the amount of time the clerk actually takes to perform ID card processes, is also exponentially distributed.  An average of 6.4 (() customers were served every hour overall.  The mean service rate (1/() is 1/6.4 hours, or 9.375 minutes (9 minutes, 22 seconds).  

· Although customers appeared to be serviced at the same steady pace, unusual server behaviors were noted.  As noted, the number of clerks varied from one to three throughout the day.  During peak periods, such as the opening hour (0800 – 0900) and lunchtime, there was only one clerk processing customers.  For instances when a single clerk was performing the ID card services, the mean service rate actually decreased to 7.53 minutes.

Analysis

Unusual server behavior made the determination of steady-state probabilities and other indicator averages meaningless.  For example, the probability that no customers are in the ID Card Section queue would be as follows:

P0 = 1- (/( = 1 – (7.33/6.4) =  -0.14

In essence, this “negative” probability means the customer population in the waiting area is always growing, which is clearly not the case by observation.  Essentially the service process is erratic.  A sole service clerk handled customers until a backlog occurred. Other clerks lent assistance at some unknown decision point, apparently when the backlog in the waiting area is perceived to be too high.  The service clerks were able to adjust their service times up or down as necessary to maintain an “acceptable” comfort zone.

Delay times were clearly longer during lunch hours (11:30 AM to 1:00 PM).  This was attributed to fewer available service clerks to handle the increasing backlog of customers.  In fact, this appears to be an established practice, since signs in the waiting room warn customers of delays during lunch hours.

Recommendations  

Customer service may be easily improved by consistently staffing the ID Card Section with two clerks.  Even at the observed “slower” mean service rate of 9.375 minutes, an average of 12.8 customers could be handled each hour.  To minimize backups, we would especially recommend that an extra clerk be trained and available to handle the lunchtime rush.  By staggering the lunch hours of the two service clerks and using the additional clerk to assist during this and other peak periods, customer throughput would be greatly improved.  The instances of reneging would likely decrease as a result.

The practice of providing service during the first Saturday of each month appears to be overly costly and is maintained for customer convenience only.  With improved levels of service during lunch hours, there appears to be no need to open the ID Card Section during other than normal business days and hours.  If it is deemed necessary to accommodate customers during other than normal hours, we would suggest staggering the duty shifts for service clerks to allow for this.

Table One: Customer Service Data for a “Typical” ID Card Section Workday

	Customer

No.
	Arrival
	Interarrival
	Delay
	Start
	End
	Process

Time
	Total Time

in Queue

	1
	7:55:35
	
	0:02:25
	7:58:00
	8:09:00
	0:11:00
	0:13:25

	2
	7:55:35
	0:00:00
	0:13:25
	8:09:00
	8:15:10
	0:06:10
	0:19:35

	3
	7:56:30
	0:00:55
	0:19:10
	8:15:40
	8:22:30
	0:06:50
	0:26:00

	4
	7:56:30
	0:00:00
	0:26:30
	8:23:00
	8:27:25
	0:04:25
	0:30:55

	5
	7:57:10
	0:00:40
	0:17:50
	8:15:00
	
	
	Reneged

	6
	8:24:20
	0:27:10
	0:03:40
	8:28:00
	8:37:40
	0:09:40
	0:13:20

	7
	8:30:45
	0:06:25
	0:07:15
	8:38:00
	8:45:40
	0:07:40
	0:14:55

	8
	8:38:20
	0:07:35
	0:07:45
	8:46:05
	8:50:50
	0:04:45
	0:12:30

	9
	8:53:40
	0:15:20
	0:05:05
	8:58:45
	9:05:20
	0:06:35
	0:11:40

	10
	8:53:40
	0:00:00
	0:12:35
	9:06:15
	9:12:45
	0:06:30
	0:19:05

	11
	9:24:00
	0:30:20
	0:05:20
	9:29:20
	9:35:10
	0:05:50
	0:11:10

	12
	9:24:50
	0:00:50
	0:10:30
	9:35:20
	9:37:30
	0:02:10
	0:12:40

	13
	9:26:30
	0:01:40
	0:11:30
	9:38:00
	9:46:20
	0:08:20
	0:19:50

	14
	9:43:00
	0:16:30
	0:03:35
	9:46:35
	9:54:50
	0:08:15
	0:11:50

	15
	9:58:50
	0:15:50
	0:00:10
	9:59:00
	10:14:00
	0:15:00
	0:15:10

	16
	10:02:35
	0:03:45
	0:11:35
	10:14:10
	10:21:30
	0:07:20
	0:18:55

	17
	10:07:00
	0:04:25
	0:22:20
	10:29:20
	10:39:50
	0:10:30
	0:32:50

	18
	10:15:05
	0:08:05
	0:25:05
	10:40:10
	10:46:30
	0:06:20
	0:31:25

	19
	10:29:00
	0:13:55
	0:18:50
	10:47:50
	10:59:25
	0:11:35
	0:30:25

	20
	10:29:00
	0:00:00
	0:30:30
	10:59:30
	11:04:15
	0:04:45
	0:35:15

	21
	10:31:30
	0:02:30
	0:33:35
	11:05:05
	11:07:20
	0:02:15
	0:35:50

	22
	10:40:30
	0:09:00
	0:27:00
	11:07:30
	11:19:40
	0:12:10
	0:39:10

	23
	10:45:45
	0:05:15
	0:25:05
	11:10:50
	11:20:00
	0:09:10
	0:34:15

	24
	10:46:30
	0:00:45
	0:33:20
	11:19:50
	11:25:30
	0:05:40
	0:39:00

	25
	11:06:30
	0:20:00
	0:13:40
	11:20:10
	11:29:05
	0:08:55
	0:22:35

	26
	11:06:30
	0:00:00
	0:22:45
	11:29:15
	11:40:50
	0:11:35
	0:34:20

	27
	11:15:20
	0:08:50
	0:25:40
	11:41:00
	11:54:00
	0:13:00
	0:38:40

	28
	11:16:10
	0:00:50
	0:25:50
	11:42:00
	11:49:25
	0:07:25
	0:33:15

	29
	11:22:00
	0:05:50
	0:35:20
	11:57:20
	11:58:00
	0:00:40
	0:36:00

	30
	11:26:10
	0:04:10
	0:31:55
	11:58:05
	12:09:20
	0:11:15
	0:43:10

	31
	11:35:00
	0:08:50
	0:35:20
	12:10:20
	12:28:25
	0:18:05
	0:53:25

	32
	11:56:50
	0:21:50
	0:25:10
	12:22:00
	12:31:40
	0:09:40
	0:34:50

	33
	11:59:30
	0:02:40
	0:29:50
	12:29:20
	12:34:45
	0:05:25
	0:35:15

	34
	12:09:15
	0:09:45
	0:25:45
	12:35:00
	12:45:40
	0:10:40
	0:36:25

	35
	12:28:30
	0:19:15
	0:11:50
	12:40:20
	12:46:00
	0:05:40
	0:17:30

	36
	12:32:40
	0:04:10
	0:13:20
	12:46:00
	12:52:45
	0:06:45
	0:20:05

	37
	12:37:20
	0:04:40
	0:09:20
	12:46:40
	12:54:00
	0:07:20
	0:16:40

	38
	12:46:10
	0:08:50
	0:07:30
	12:53:40
	12:58:35
	0:04:55
	0:12:25

	39
	12:50:50
	0:04:40
	0:03:20
	12:54:10
	13:30:50
	0:36:40
	0:40:00

	40
	12:51:50
	0:01:00
	0:41:00
	13:32:50
	13:59:50
	0:27:00
	1:08:00

	41
	13:20:40
	0:28:50
	0:02:20
	13:23:00
	13:30:50
	0:07:50
	0:10:10

	42
	13:23:25
	0:02:45
	0:36:25
	13:59:50
	14:07:20
	0:07:30
	0:43:55

	43
	13:23:45
	0:00:20
	0:31:00
	13:54:45
	14:01:50
	0:07:05
	0:38:05

	44
	13:29:10
	0:05:25
	0:15:50
	13:45:00
	
	
	Reneged

	45
	13:31:00
	0:01:50
	0:09:55
	14:02:05
	14:14:50
	0:12:45
	0:22:40

	46
	13:52:10
	0:21:10
	0:14:15
	14:15:15
	14:20:20
	0:05:05
	0:19:20

	47
	14:01:00
	0:08:50
	0:22:30
	14:23:30
	14:30:25
	0:06:55
	0:29:25

	48
	14:01:00
	0:00:00
	0:07:20
	14:23:40
	14:30:20
	0:06:40
	0:29:20

	49
	14:16:20
	0:15:20
	0:14:20
	14:30:40
	14:42:55
	0:12:15
	0:26:35

	50
	14:22:45
	0:06:25
	0:20:15
	14:43:00
	14:52:50
	0:09:50
	0:30:05

	51
	14:24:40
	0:01:55
	0:29:15
	14:53:55
	15:03:25
	0:09:30
	0:38:45

	52
	14:30:20
	0:05:40
	0:24:10
	14:54:30
	15:05:30
	0:11:00
	0:35:10

	53
	14:35:05
	0:04:45
	0:28:45
	15:03:50
	15:16:05
	0:12:15
	0:41:00

	54
	14:45:50
	0:10:45
	0:19:50
	15:05:40
	15:19:05
	0:13:25
	0:33:15

	55
	14:56:20
	0:10:30
	0:19:45
	15:16:05
	15:26:40
	0:10:35
	0:30:20

	56
	15:26:05
	0:29:45
	0:04:00
	15:30:05
	15:44:30
	0:14:25
	0:18:25


Calculations:

Mean Interarrival Time  =  8.18 minutes

Mean Service Time (twp servers)  =  9.375 minutes

Mean Service Time (one server)  =  7.53 minutes

Mean Delay Time  =  18.4 minutes

Mean Total Time in Queue  =  28.1 minutes
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