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Problem 1 

Consider a I-mile-by-Smileh ~ o p e o u ~sertice regon s e n d  by two mobilepatrollin3 
sewers as showninFigure I. H m  are the asswnptiom ofthe model: 

1. 	 Cwtoener locationsareunifocmlyb w t l y located overthe entire mtanplar e c e  

region. 


2. 	 Chw time, customers arrive as a homo~meousPoissonprocess at aggrqate rate R=2 customers 
per how. 

3, 	 Uhknot busy sming a~stmers.each m-erpatrols its sector (sector 1 or 2, rpqxctivel), 
Under tlus cirammce, the swer's location at a random tune is u~llformlydimh1tedOVH its 
sector. Each sector is a one-mile-brae-mle sq~lare. 

4, 	 T m d  distance is n&t-arlgk ('?vlanhattanm&c--), 111thspeed equal to 1000 rni.ihr. 
5. 	 The on-scale time to m e  a cr~tomer1s a randomvanable ha\-ins a negative exponential 


probability density functionwith mean equal to 30 minutes. Upon completionof seniceof a 

customer at the scene, the sm7erresumes random patrol of h d i w  sector. 


6. 	This.is the dispatch strate37 For a customer from sector i (*1,2), dispatch senrer i if anilable. 
Else &watch tile other sen= ~fax~~lable;Else the customer is lost forever-

x =-1 x= 0 x=I 
Sector 2 Sector 1 

- x  
Patrollingsenm %! 



(a) Is d true tlmt the ~~mkload(fraction of m e  hsv) of each sewer 1s eq11alto 1/2? If me,hef ly  
explainwhy. If false, derive the c m a  figure. 

(b) Determine the fraction ofdispatches that take s e n ~ e r1 to sector 2. 
(c) Determine the mean travel t ime to a randorn sewed customer. 

Now wnsick the situation as shownin Figure 2. Assumptions 1through 5 a b w  main  
correct. Hor3.etTererAssumption 6is al- as follows: 

C m  in luhicl~botp'l se~vwsare azwiiable: For a custom fiom a part ofsector i not m 
Buffer Zone i ,  dspatch smw i For a customer in BufferZone i,&.;patch the other 
sen= only if that athw smw is w i t h  its mtm buffer zone and m e r  i is not within its 
buffer zone; else dispatch smm i to that customer. 
Cme in 1vhic11on!v one server-is avaiirrble: Dispatch that --a. 
Else the cusforner is iosfformer. 

(d) Under tlis new rllspatch policy, det&e the h c h m  of&spat& assipmmts that m dmvx 1 
to sector 2. 

(e) 'C~Tatliout &tailed calculations, desmbe brieflyhmv you r w l d  compute the meandomgt l ~  
trawl time, How would the mapttt~deof the n~mencalanswer compare to tlut of part (c)' 

(f) Suppose d w  the simpler dispatch policy 81 above, we find that the workload of Sector $1 is 
hnce the workload of Sector 2,  wlile ii remainsthe same at 1= 2. IVithout doing the 
~alculahons,braeflyexplaitlhcnv you mvuld fmd an ophmal boundary llne s q m t m g  Sectors 1 
and ?. ~vhere"ophmal'means rninunking mean travel tm, Wo~tldit be to the left ofri&f of x 
=a? r;t713n 

Buffer Zone $2 Buffer Zone gI Patrollkg sen= 

x= -1 x =  1 
Sector 2 Sector 1 

Patrobg server fK2 - x  



Problem 2 

Consider a s q u m  one kilometer on a side, as shcn~nin Figue 1. Geom&cally, this is 
the same square h a t  appeared in Problm 1ofQuiz $1. That is, emagmcy incidents caa 
oidy QCCIW on the pmmeter of the square and tsax-elcan occur d y  dong the pmmeter of 
the square. Thm 1s no trawl within the square. There are no emeqmcy incidents 
~ u t hthe square. U-turns are allorvedand travel slrvays occurs alotlg the shortest path. 

Ambulance a2 

The squaw is send by hlTom ~ c e s ,ambulance #1garaeed in the northeastcorner of 
the square and amb~ilance;tf2 gra-yd in the south~vestcorner of the square, as shozvn in 
Fipre 1. IQmbulai~cesalways renun to their home gara~elocations a h  ansl~~ering 
enwrpcies. So, an mb~ilancewill never be dispatched d&Iy £tomone call to another 
~~~diouitreturning to the home wasp location 

Emergency incidents are n d  u n i f d y  distributed over the square. Tlie numberadjacmt 
to each link ofthe square 1s the probabihty that a m h mmerpcy hc~dent~ l l lk 
merated on that h k  Once: the 1mkofthe mcident ISh o r s n  the cmditmml pdf ofits 
iocation on the link 15uniform mmthe I i k  

We m&l thissystemas anW =2 smw h ~ e r r b equeueingmo&l ~\ith -'=mean 
m i c e  time per incidmt = 1hour, 3. =Poissonarrival m e  of emerWmcyincidmtsfrom 
entire sq~iare= lil101u.and resynse trawl speed= The unul assumptions100h ~ l ~ a u r .  
related to negative exponential service times apply,as does the assum@on that on scene 
;time domiimtesthe very smll travel time component of rl~es k c e  m e .  Assume that 
the dispatcher dispatches the closest available amh~lmce[i.e. of the a~ailable 
ambulances,the one i ~ l o s ehome g - a r a ~locaclon is closest to the emerpcy):$. 
Ernerermcykcidents that occrtr while both ambulances are simu!t%nmslybtrsy are Im. 

(a) 	 (I 0points) G k n that an emergency incident o c m  while ambulance *l is busyand 
ambulance 2 is a~ailable.fincl and plot the conditional gdfof the travel distance for 
ambtilance $2 to travel to the scme of the emmupcy mcldmz. 

(b) 	 (12: points) Find the w-mkload(fraction of time busyj of each of the trvo amhdancps. 
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Problem 3


Problem 5.3 from the textbook. 

Problem 4 

Problem 5.6 from the textbook. 

Problem 5 

Consider a service facility at which Type 1 and Type 2 customers arrive in a Poisson 

manner at the rate of λ1= 30 per hour and λ2= 24 per hour, respectively. Service at the 
facility is FIFO and service times are constant and last exactly 1 minute for either type of 
customer. The cost of waiting in the queue per minute is $2 and $3 per Type 1 and Type 
2 customers, respectively. Assume steady state conditions throughout the problem. 
Numerical answers are expected in all parts. 

(a) What is the total expected cost of waiting time at this facility per hour? 
(b) Find the internal cost and the external cost associated with a marginal Type 1 

customer and repeat for the internal and external cost associated with a Type 2 
customer. How do the external costs compare and why? 

Assume now and for parts (c) – (f) of this problem that service to Type 1 customers lasts 
exactly 0.5 minute and to Type 2 customers exactly 1.625 minutes. The cost of waiting 
per minute is still $2 and $3 per Type 1 and Type 2 customers, respectively, and service 
is still FIFO. 

(c) Repeat part (a). A numerical answer is expected once again. 
(d) Repeat part (b) and comment on differences you see with the results of part (b). 

Suppose now that you were asked to assign non-preemptive priorities to the two types of 
customers in a way that will minimize the total expected cost of waiting at the facility. 

(e) Which type of customer should be assigned higher priority and why? 
(f) Under the priorities assigned in part (e), what is the total expected cost of waiting 

at this facility per hour? How does this cost compare with the cost you found in 
part (c)? 
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Suppose now that the service times for Type 1 customers are negative exponential with 
an expected value of 0.5 minute and for Type 2 customers negative exponential with an 
expected value of 1.625 minutes. As for parts (e) and (f), the cost of waiting per minute 
is still $2 and $3 per Type 1 and Type 2 customers, respectively, and you are asked to 
assign non-preemptive priorities to the two types of customers in a way that will 
minimize the total expected cost of waiting at the facility. 

(g) Which type of customer should be assigned higher priority and why? 
(h) Under the priorities assigned in part (g), what is the total expected cost of waiting 

at this facility per hour? How does this cost compare with the cost you found in 
part (c) and part (f)? 


