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PROGRAM DESCRIPTION I 1. o

Program Title . _M/M/S QUEUE CHARACTERISTICS

Contributor's Name ___ William P. Hannah
Address 9373 Willow Oak Rd.
city ...._salinas state/Country CA Zip Code 93907

Program Description, Equations, Variables

SUMMARY :

____Selected steady state characteristics are calculated for the multiple server

\qggyg~yiﬁh’fpi§son arriva1s anduexpopential service rates (M/M/S). Caqu]ated

characteristics are: traffic intensity, expected queue and system lengths, expected

times in queue and system, probability of idle servers, probability of waiting for

service, and probability that system length is between any two given numbers. Highly

‘Kgadable printer output is produced.

A no-print option is programmed, and instructions are provided to delete the

lengthy printing portions of the program in order to save program storage space for
users desiring the display only option.

igontinued on Page 2)

Necessary Accessories 2 Memory Modules; printer optional. No modules if program is
reduced (instructions provided) to eliminate print portions (82162A printer).
Operating Limits and Warnings b s I R

1. Limiting condition given for certain input parameters.

3. CLRG used.

‘2.‘.Loca1 alpha labels A-D are used wjthout intepded‘kgyboard‘access.’WMﬁmwvw‘\WM

Reference(s) Wagner, Harvey M; Principles of Management Science, Second Edition,
Prentice-Hall, 1975. pp 506-522.

Thus program has beeo venfied only with respect to the numerical example given in Program Description il. User accepts and uses this program materiat AT HIS OWN RISK, in rekiance solely upon his own
mspection of the program material and without rehance upon any representation or description concerring the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS PROGRAM MATERIAL. INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM MATERIAL.

M/M/S s kendall pitetion Yor e*?ouej\'& s frervice Yimes O S servees.
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Program Description, Equations, Variables - Continued:

MODEL DESCRIPTION:

~ This program will calculate selected steady state system and queue characteristics
for the single queue, multiple server model with Poisson arrivals and exponential ... ..
service times (M/M/S queue). The basic elements of the queueing system are: S

1
. o > ' Departing
. Customers
Arriving X .
Customers
S
_ Service
e Queue —ate— Facmty_f"*
€ _System o>
INPUT PARAMETERS:
A ="Exponentia1 arrival rate of customers Coomers / Time
" 4 = Exponential service rate of each server Codowees/ Tt .
"s = Number of servers -

STEADY STATE EQUATION:

" Let random variable LS = length of the system (no. customers in the system).
Then the probability that the length of the system = n is:.

A"
: - C;)‘Po for o <n<s
(1) P(LS=n)=
A
&)
—S-—!ST—S- Po forn > s

STEADY STATE CHARACTERISTICS:

Two factors are calculated in the initial part of the program to simplify
subsequent calculations. The factors are:

l"\*e\-ovv»vu\ '\"‘Me-‘ O A\\*w\\}t)\ exﬁo»\u«*\m\\\/ P = )\Q—l{. Twe wcan '\w'\'evu\-\—'\v& s 18 Mo \‘/)\.
Seevica Yimes avR QSSU»“Q) ’\’o be XitaboXe) sivw.’\\«‘r\/
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STEADY STATE CHARACTERISTICS - Continued:

traffic intensity for a single server)

2 T
!

| ____Base parameters calculated are as_follows:

(4) r_= "Rho" = §§-< 1 (= traffic intensity for the system)

(5) ProbabiTity that the servers are idle:

-1

N DY 1
e S5l
P, = P(LS=0)= Wts.:s—: K{us=1)
o =0 1t _

{Queug Charactéristics (Output) - 7

I

—(6)  E[LQ]= AKP, Expected length of queue

(7Y E[TQ1=KP, Expected time_in_queue (waiting_time of an arrival)_ |

(8) _ _P(LQzS)=KP,_(us-1)__ Probability. of havingto wait for service
. o .

",___~.~~(QT«—~~—EEE§]eprax‘u ~___Expected Tength of system

(10] " E[TST=KP + L~ “Expected time a_customer spends in the system |
i

«*__wm,ill)_,nmeiﬂIéLS§i2)%EZL§§h2):E(LSEDIL;“,caJculatgd.pen.equéiion_(l)4

.,_,”,;,Nmmw;fi_lﬁﬁéﬁaﬁfiityutﬁét the_]engiﬁféfiihgféQQ%éﬁ;is-betweenwtwowvaluesw—~~n—“w«.~
e+ e ey &M ANCIUSTVEL . o

_PROGRAM OPTIONS:” —~~ -~ oo T

~__The program claculates the intermediate parameters and_final_characteristics.in. .
__the_sequence of equations (2)-(11) above. The program uses HP-IL printer.capabilities
__.to produce a highly readable format, to_include upper/lower case and standard.statis-..__|
.tical notation.. The program.stops only for prompted inputs;.all._results are .auto=—-w—10 -.
matically printed. T .

" "R display only option is avaiiable for those not desiring printed outputs 4t e
__hot necessary to have the HP-1L module and_printer_connected. if this.option.is.desired. -

... For users desiring Eb“savéféaaééfz¥ﬁirfbﬁqgké&ffé*4gz"1fn3ﬁ,,106215§£gg the
..printing segments can be deleted and the resulting program (still’with display) is..__ __
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PROGRAM OPTIONS - Continued:

reduced to 186 lines (321 bytes). Run time is not significantly changed. To reduce
the program, the following lines should be deleted: 4-13, 22-111, 163-208, 221,
228-229, 234-249 254-252 -2253 286-287, 292-312, 321-322, 327-342, 350-351
356-371,376-393, 396, §:%%%, and 449-496. These program Tines are indicated on
the Program Listing by vertical Tlines to the left of the step numbers.
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PROGRAM DESCRIPTION II

Page 5 of 15

f Sample Problem (Sketch if Desired)

(1) Customers are served, first come first served, from a single queue by 6
servers. The customers arrive at the rate of 15 per hour, and each server's
average service rate is 3 per hour. Assuming Poisson arrivals and exponential
service times, find the selected system and queue characteristics. Also, find
the proportion of time there are 9 people or less in the queue and/or being
served.

SOLUTION: Print mode is MAN
Input Function Display Comments
XEQ Size 015 Minimum size.
XEQ fQUEUE" Printer: Y/N? Printer option prompt.
Y R/S Inputs: Select printer; input prompt.
Printer Output:
B
fiiititiiidiifdtiiitittd
QUEUE
|_Inputs:
15 ENTER 15.000 x input
3 ENTER 3.000 u input
6 R/S s input
— A= 15.008
Printer p = 3.808
Output: s = 6.808

Base Parameters:

r = 8.833
Po = 8.883
Solutions:

L N2, NI?

ECLOT = 2.938
CELTOT = 8.196
P(LO2S) = 8.588

E[LS] = 7.938
E[TS] = 8.529
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1

Sample Problem (Sketch if Desired)

(1) Continued

SOLUTION:
Input Function Display Comments
r N2, N1? Prompt to compute
' P(N1sLS<N2)
9 ENTER 9.000
0 R/S 0.000 Printer Qutput:

N1=8,, N2=9,
PCHI£LSEH2) = 8,717 |
131 SEEEEEENERNEE ‘
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! Sample Problem (Sketch if Desired)

(2) Execute problem #(1) without using the printer option.
Inputs:
A = 15/hour
u = 3/hour
s = 6
N2 = 9, Nl =0
SOLUTION:
Input Function Display Comments
XEQ Size 013
XEQ "QUEUE" PRINTER: Y/N? Printer option prompt
N R/S INPUTS? Input prompt
15 ENTER 15.000 A input
3 ENTER 3.000 u input
6 R/S RHO = .833 S input; traffic intensity
output
PO = 0.005 P
0
R/S LQ = 2.938 ELLQ]
R/S TQ = 0.196 ELTQ]
R/S P:LQ.GE.S=0.588 P(LQ2S)
R/S LS = 7.938 E[LS]
R/S TS = 0.529 ELTS]
9.000
R/S INPUTS: N2, N1 Input prompt
9 ENTER 9.000 N2 input
0 R/S P:N1.LS.N2=0.717 N1 dinput; output is
P(N1<LS<N2)

of 15

r
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SIZE:
(HP-341C) 015
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Enter program; set printer to MAN o ‘ - '
2 Execute and initialize program XEQ “QUEUE"‘ PRINTER: Y/N?_
3 Select printer option Yes(Y); Y R/S Printer and
go to step 8 for option No (N) display prompt

for inputs,

4 Input parameters as follows:

* A (arrival rate) A ENTER A

* u (service rate) u ENTER u

. s (no. servers) S R/S Printer responsq:
Input:x,u,s

Note: ﬁ%'< 1 condition Outputs: E[LQ]
E[TQ],P(LQ=S),

must be met

E[LS],E[TS];

Further input

prompt:
N2, N1?
5 Input parameters* as follows:
N2 (upper 1imit) N2 ENTER N2
NI (Tower Timit) N1 R/S Printer responsd:
*(for P(N1<LS<N2)) N2, N1;
P(N1sLS<N2)
6 For new P(N1<LS<N2) problem, promptb
for new N2, N1 and return to step 5. XEQ "PN1N2f INPUTS: N2,N1

7 For new queue problem, return to step 2.




USER INSTRUCTIONS Page 9 of 15
Ry 0218=
Hparc) 015
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
8 | Select printer option No (N) N R/S INPUTS?
9 | Input parameters as follows:
Y A ENTER
‘U u ENTER
. s S R/S RHO = X.XXX
PO = 0.XXX
10 | Continue to calculate E[LQ] R/S LQ = X.XXX
characteristics: E[TQ] R/S TQ = X.XXX
P(LQZS) R/S P:LQ.GE.S=0.XXX
E[LS] R/S LS = X.XXX
E[TS] R/S TS = X.XXX
11 | Prompt for N2, N1 R/S INPUTS: N2,N1
12 | Input: « N2 ‘N2 ENTER N2
* N1 ‘Nl R/S P:N1.LS.N2=0.XX
13 | For new P(N1<LS<N2) problem, prompt
for new N2, N1 and return to step 12. XEQ "PNlNZf INPUTS: N2, N1
13 | For new queue problem, return‘to step 2.
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67 Q97 K 41C
STEP/ KEY COD
LINE  KEY ENTRY  (67/97 onIyE) COMMENTS SINE ke ENTRY (’é%f 235) COMMENTS
BileLBL “QUE 51 BLIDSPEC
UE*" 52 44
82 CLRG 52 BLIDSPEC
a2 FIX 3 54 4
84 CF 21 55 BLDSPEC
A5 “PRINTER o596 &
: YWoHT? 57 BLDSPEC
8s AOH 58 STO 14
@7 PROMPT - Prompt for printer use 52 CLx
a2 AOFF 68 31
82 ASTO Y 61 XE® =-D¥- Print header banne
1 =%~ 62 AIDY
11 ASTO = 63 "QUEUE"
12 H=¥Y? o4 FHMT
1iZ GTO a ‘ 65 SF 12
14 =~ INPUTS? Begin display only &5 ACAH
- mode ¥ CF 12 :
15 PROHMPT Prompt for A, u, s 8 PRBUF Print title
16 STO az &2 ADY
17 RIDH il 5 B G
182 STO @1 <1 ACAH
19 RIH 2 "HPUTS: =
20 STO ga ¥ 3 S5F 13
21 Bt 4 ACAH
22 GTO b TS CF 1=
23¢LEL =& 756 FPREUF
Z4 SF 21 7 "“INPUTS:
S A "
25 ENTERT 2 PROMPT Prompt for A, u, S
27 o f 72 STO @z and print
282 BLDSPEC  Build £ Character 88 RDH
29 4 ‘ 81 S7T0 ai
8 BLDSFPEC 82 RDH
Z1 a4 | 83 STO 0@
32 BLIDSFEC ' g4 FHMT
23 42 E g5 11
34 BLIDSPEC 8c ALCCHR
25 41 7 ou o= w
25 BLDSPEC 2 ACA
27 4a 89 RECL ag
22 BLDSPEC S8 ACK
33 @ 91 PEBUF
48 BLDSPEC 92 FMT
41 STO 1= 22 12
42 @ 94 ACCHR
43 EHTEERT as »* = =
44 A Q& HCH
45 BLDSPEC Build > Character 2v RCL 81
46 44 T o2 ACH
47 BLIDSFEC 99 PRBUF
42 41 i@ FHMT
49 BLDSPEC '
S8 42

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for s
¢ pectfic information on keystrokes The Function index 1$ found at th andbook
67 or 97 "'OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for exact keystrokes . 10 31 e very back of the 1 Fleter to Appendn €
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O e7 97 KX41C
STEP/ KEY CODE STEP/ KEY CODE
LINE  KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY  (67/97 only) COMMENTS

181 115 151 GTO &1
182 ACCHR 152 RCL 84
183 = = - 152 RCL @i
184 ACAH 154 RCL @2
185 RCL 82 155 *
186 ACH 156 RCL @96
187 PRBUF ; 157 —
188 ADY 158 =%
189 RCL @& 159 RCL aS
11 RCL @81 168 +
111+ BL b 161 1-¥
112 -~ 162 STO 85 Po stored in RO5
113 STO 832 A u| stored 163 FC? 21
114 RCL B2 . 164 GTO c
115 Y1IX Begin to calculate K 165 -B-
116 RCL a1 165 ACAH
117 * 167 SF 13
118 RCL @aZ 168 “ASE"
119 ENTERT 169 ACAH
128 EHTERT 1y CF 13
121 1 171 =~ P-
122 - 172 ACAH
123 FRCT 173 SF 13
124 X<>¥ 174 “ARAMETE
125 RCL A1 RS-
126 * 175 ACAH
127 RCL @8 176 CF 13
128 — 177 e . e
129 H12 172 ACAH
1328 =%« 179 PRBUF
131 -~ 188 RCL 832
132 S5TO G4 K stored in RQ4 121 RCL @82
133 @ . 182 -
134 STO @S Begin to calculate P, 183 “p = -
135 RCL @2 184 ARCL =
136 1 185 SF 13
137 — 186 FHMT
132 .4ag1 187 ACAH
139 x 188 CF 13
143 STO @as 189 PRBUF
141« BL @ai1 i9@m -p-
142 RCL 8232 19291 FHMT
143 RCL @ag 192 AcCAH
144 IHT 193 -0 =
145 ¥ 1¥ 124 ARCL asS
146 LASTH 195 SF 13
147 FACT 1956 HCH
148 -~ 197 CF 13
149 ST+ @5 198 PRBUF
158 ISGC as 199 ADvV

2@@ --Sll

Note: Reter to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE ™ for specific information on keystrokes. The Function Index s found at the very back of the Handbook. Reter to Appendix E in
67 or 97 "OWNER S HANDBOOK AND PROGRAMMING GUIDE " for exact keystrokes
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PROGRAM LISTING Page 12 of
0O 67 097 X 41C
STEP/
LINE  KEY ENTRY ('é%fgr?lf) COMMENTS SJ.EZ’ KEY ENTRY ('53%70 0035) COMMENTS
281 HACAH 251 RCL a4
202 “0OLUTIOH 252 RCL 85
S: - 253 * K*Pq
282 SF 132 I 294 FS7? 21 ‘
284 ACAH 255 GTO ag
285 CF 12 256 =T = -
206 PRBUF 257 ARCL ¥
207 GTO d 258 RAVIEW
Z288+LEBL c 259 RTH
289 “RHO = Display r, P, 264 GTO B9
218 RCL a2 261« EBL 68
211 RCL B2 262 “E*"-
212 -~ 263 ACA
213 ARCL =» 264 91
214 TOHE @29 265 ACCHE
215 AVIENW 266 TR~
216 PSE 267 ACAH
217 PO = 268 932
218 ARCL @835 269 ACCHE
219 AVYIEW 278 - = =
228 RTH N 271 ARCL 2
| 221<L.BL d Co 272 ACAH
pooeL BL =L~ Routine to calculate 2732 FHMT
223 RCL 0@ | ELLQ] 274 PRBUF
224 RCL 94 275S+LBL a9
225 RCL @5 276+LBL LGS Routine to calcula
226 * - E[LQS]
227 * 277 ECL a1
222 Fs57? 21 278 RCL a2
229 GT0O A5 279 *
238 LG = 288 RCL 84
231 ARCL = 281 -
232 AVIENW 282 RCL a4
233 RTH 2832 RCL 85
234 GTOa a7 284 *k
2350LBL as 285 *
236 “E" 28 FS5S? 21
237 ACAH 287 GTO 185
238 91 288 “P:L@.GE
239 ACCHE e S="
248 ~LGQ- 289 ARCL ¥
241 RACAH 29@ AYIENW
242 932 91 RTH
243 ACCHR 292 GTO 11
244 = = - 293¢LEBL 104
245 ARCL 2 294 =p-
246 ACAH 295 ACAH
247 FHMT 295 41
243 PRBUF 297 ACCHR
249«LEBL 97 293 =LQ-
258«LBL ~T&" Routine to calculate 2292 ACAH
E[TQ] 380 RCL 14

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE "~ tor s;
pecific information on keystrokes. The Function Index 1s found at the very back of the Handbook. Refer 10 Appendh
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for exact keystrokes. ¢ e REn
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M 023133 PROGRAM LISTING
Oe67 097 [@A1C
STEP/ KEY CODE STEP/ KEY CODE
LINE  KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY  (67/97 only)
381 ACSPEC L] 351 GTO 14
382 -S- i 352 =“T§s = =
382 ACAH 353 ARCL ¥
384 41 254 AVIEW
385 ACCHR 355 RTH
386 = = -~ 356 GTO A
387 ARCL T ; 3S57eLEL 14
388 ACA i | 3s8 ~E~
389 FMT 359 ACA
218 PRBUF 6o 91
311 ADY 3261 ACCHR
312«LBL 11 362 ~TS~
313eLBL -~LS- - Routine to calculate 363 ACA
314 RCL 09 E[LS] | 364 93
315 RCL 84 ; 365 ACCHR
316 RCL @5 i 65 - = -
317 * ' 367 ARCL Z
318 * | 3262 ACA
319 RCL B3 3 369 FHT
326 + ' 378 PRBUF
321 Fs? 21 § I71eLBL A
322 GTO 12 i I72«LBL “PH1
323 LS = -~ ! HZ2*"
324 ARCL ¥ : 3I7Z B
325 AVYIEMW ; 274 STO 10
326 RTH : 7S STO 11
327 GTO 13 : 376 FC? 21
328«LBL 12 : 377 GTO B
329 -E-" f 378 “H2., MN17?
338 AcCA : -
331 91 ; 379 ACA
332 ACCHR ! 2860 FHT
333 -“LS*- ; 281 PRBUF
334 ACA ; 382 PROMPT
335 93 i 383 "Hi="-
336 ACCHR / 384 FIX @
237 v = - : 285 ARCL ¥
238 ARCL = ' 386 k., HZ="
2329 ACA 287 ARCL ¥
48 FMT 288 FIX 3
341 PRBUF 289 ACA
342«LBL 13 ‘ 290 FHMT
343« BL TS~ mmhnetocchaw 391 PRBUF
344 RCL 94 ELTS] 392 GTO C
345 RCL 65 Fo3«LBL B
346 * 394 “INPUTS:
247 RCL ©1 N2, H1-
343 1-¥% 395 PROMPT
349 + | 396¢LBL C
| 358 FS? 21 397 STO @6
298 KLY
399 STO @7
4808 .061

Note: Refer to 'HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for
67 or §7 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for exact keysirokes

nfo on key

Pagel3 of 15

COMMENTS

Routine to calculat

[1]

P(N1lsnzn2)

nl loop counter

n2 loop counter

The Function index 15 found at the very back of the Handbook Refer to Appendix £ n
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Page 14

Oe7 097 @41C
STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS

401 * 451 ACA

482 STO 89 452 44

483+LBL @2 453 ACCHR

484 RCL 02 454 “Hi-

485 RCL 89 455 ACA

486 IHNT 456 RCL 13

487 STO 12 457 ACSPEC

408 XK>Y? ni>s? 458 =~LS-

489 GTO 83 459 ACAH

418 FACT 468 ACSPEC

411 GTO 64 461 “NH2- |

412«LBL 83 462 ACA ;

413 X<>Y 463 41 ?

414 - ! | 464 ACCHR

415 LASTX 465 = = =~

416 STO Z 466 CLX

417 RHI>Y e 467 ARCL T

418 Y1TX ! 468 ACA

419 H<>Y 469 FMT

4280 FACT L n=s 478 PRBUF

421 * S:5 { 471 ADY

422«LBL B4 472 =1

423 RCL 83 473 XEQ@ ~DV"-

424 RCL 12 ; 474 ADYV

425 Y1¥ : 475 ADY

426 RCL B85 476 ADY

427 * i 477 ADV

428 X<>Y { 473 ADYV

429 - : 4792 RTH

438 ST+ 11 i 480« BL DYy~ Subroutine for banrer

431 RCL 12 : 481 EHTER®T divider

432 RCL @s ! 482 BLDSPEC

433 X<{=¥v7? nisng? i 483 CLA

434 GTO 85 i 484 ARCL ¥

435 RCL Z : 485 RARCL X

436 ST+ 18 ] 486 ARCL ¥

437+LBL 85 : 487 ASTO ¥

438 1ISG B9 488 ARCL ¥

429 GTO @2 489 ASTO ¥

4409 RCL 11 498 ARCL ¥

441 RCL 19 491 FC? 12

442 - P(ny1snsny) 492 ARCL X

l443 F5? 21 4932 FC? 12

444 GTO D 494 ARCL ¥

445 “P:N1.LS 495 PRA

-N2=~ 496 CL¥

446 ARCL ¥ 497 _END.

447 AVYIEW

442 RTN

449«LBL D

459 -~p-~

Note: Reter 1o "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE " for

specihc informaton on keysirokes. The Funchon index s found al the very bach of the Handbook. Reter 10 Appencix € n
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS

00 - X size 015 TOT.REG. 144 ~ USER MODE

B ENG FIXx 3. sCi . ON: oFf X
01 u DEG RAD GRAD .
02 s . FLAGS
03 A u |# sic SET INDICATES CLEAR INDICATES
R 12 C Double wide print
04 K i .

13 C Lowercase print

05 Po _

R , 21 C Printer enable
06 N1 ,

) Note: 12, 13 are set as required by
07 N2 program, 21 is set by user

, when prompted for print option.
08 Pg loop counter 21 is assumed to match 55.
09 N loop counter (for N1»N2)
N1-1 o
10 X P(LS=N)
N=0 o

N2 ey
11 % P(LS=N)
12 Scratch for Ni .
13 < character .
14 2 character

ASSIGNMENTS None

FUNCTION KEY

FUNCTION KEY







M/M/S QUEUUE CHARACTERISTICS USERS’ LIBRARY PAGE 1
PROGRAM NUMBER: 02185C OF 5

PROGRAM REGISTERS NEEDED: 144

ROW 1 (1:4)

| 1
ROW 8 (42:49)
1

ROW9 (50:57)

ROW 10 (57 :63)

ROW 11 (63:68)

ROW 16 (92:98)

$111)







M/M/S QUEUUE CHARACTERISTICS USERS' LIBRARY PAGE 2
PROGRAM NUMBER: 02185C OF5

ROW 19 (112:124)

ROW 20 (125: 137)
Ll L {] L |
ROW 21 (138: 147)
| I

IIIII ""u IIII | il ""

ROW 22 (148: 157)
|

I II" I |||l| I i i
ROW 23 (158 : 166)
ROW 24 (166:171)
ROW 25 (171:174)

H

| n 1} I | |I||

ROW 26 (174 : 180)
H

ROW 27 (181 : 186)
ROW 28 (187 : 193)
ROW 29 (193: 198)
ROW 30 (198:202)
ROW 31 (202 : 207)
ROW 32 (207 : 212)
ROW 33 (213: 218)
ROW 34 (218 :224)
ROW 35 (225 : 230)
ROW 36 (231 : 238







M/M/S QUEUUE CHARACTERISTICS USERS’ LIBRARY PAGE 3
PROGRAM NUMBER: 02185C OF 5

ROW 37 (239: 244)

ROW 38 (244 : 250)
ROW 39 (250 : 256

ROW 40 (256 : 262)

| IL
ROW 41 (263 : 268)
{
ROW 42 (269:274)
i i
ROW 43 (274 : 280)
1 1 L 1
ROW 44 (281 : 288)
ROW 45 (288 : 292)
i i !

ROW 46 (293 : 299)
ROW 47 (299: 306)
ROW 48 (306:312)
ROW 49 (313:320)
ROW 50 (321 325)

ROW 51 (32 :333)

ROW 52 (333 : _
ROW 53 (338 : 34
ROW 54 (343 : 352)







M/M/S QUEUUE CHARACTERISTICS USERS’ LIBRARY PAGE 4
PROGRAM NUMBER: 02185C OF 5

ROW 55 (352 :358)

ROW 56 (358 : 364)

il
T " Illllllllll"""l
ROW 58 (370 : 372)

| I"l """I"I
i
ROW 59 (373:378)
ROW 60 (378:383)
I" Ml l" """ |
ROW 61 (383 :387)
ROW 62 (387 :393)
H IIII l i

ROW 63 (393 : 394)
ROW 64 (394 : 400) ’
ROW 65 (401:411)

| "I I I H I
ROW 66 (412 : 423) I II
ROW 67 (424 : 434)
ROW 68 (435 : 443)

JNNAA RO
ROW 69 (443 : 445) o
ROW 70 (445 : 451)

i
ROW 71 (452 458) |
[

ROW 72 (458 : 463)






M/M/S QUEUUE CHARACTERISTICS USERS’ LIBRARY PAGE 5
PROGRAM NUMBER: 02185C OF 5

ROW 73 (464 : 469)

ROW 74 (470:477)

O O

]
ROW 75 (478 484)
ROW 76 (484 : 490)
i







