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— G 1 MEASEMNE(Birth-Death Process) —

B. 8! B83H(2/9) AR e AR pre ATR B
- M| "e] 00 e !
 N(©): AIF 0N ALAE Ljoj QL= D24

@yt AIAZ LIO| T2H0| n QIS I 1 A|AHOE S0{QE THo| BREAE
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|
© po(t): A2t tOf| M AJARS LS| n2Ho| 4= N(£)7 nH JUS SHE

M.,

______________________

T Wowe e e

o MEHXO|HA Al(State Transition Equation) L ORI EeREX 28ek= A

- SPEASE: OFF X2 37]9| A2t 5t SOH0 ALAIOIHE 10| A2 2t
£S n3o| MH|A 20| SIHR] A 5 Ol 8 A7 ol Q0jLIR] o2

- 11 =1

po(t + 6t) = po(H)(1 — ayét) + p,(t)B416t,
p1(t + 8t) = po(H)aydt + p1(t)(1 — a,6t) (1 — B16t) + po ()Pt

pn(t + 6t) — pn—l(t)an—lst + pn(t)(l o anat) (1 o ﬁnat) + pn+1(t)ﬁn+16t
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o G 1 ¥8ABIE(Birth-Death Process) -
B. £SI™ IS5H(3/9) .

- AEHF 0|8 Al(State Transition Equation) LT )
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* AlZHeO[M A|AR Lo 00| £ F UM (p2 (1)), OIF A2t 6t S2t0f| 124
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gpo(t + 8t) = po()(1 — ayét) + p1(t)B16¢,
P1(t + 6t) = po(H)agbt + p1(¢)(1 — a16t) (1 — B18t) + p,(t)B,6t

pn(t + 6t) — pn—l(t)an—lst + pn(t)(l _ anat) (1 o ﬁn‘gt) + pn+1(t)ﬁn+16t 4



ASE PP (Birth-Death Process) —

NASIH O51s o A|Zte| 04t Xto[of| (2 HEHSIE #517]
Fei 2ash4/9) | SIH 0124754 (Differential Equation) #8 |
AEfHO|EH Al(State Transition Equation)

Po(t + 8t) = po(H)(1 — aybt) + p,(t)f416t,
p1(t + 8t) = po(H)aedt + p1(t)(1 — a,6t) (1 — B16t) + p, ()B4t

pn(t + 6t) — pn—l(t)an—lat + pn(t)(l o anat) (1 T ﬁnat) + pn+1(t)ﬁn+16t

AjZto] 8¢ Bt2 23

O =2 A\

po(t) 2t HOtL}

6t > 00|B=2,

5t 24|

= i,

of=91?

dpo(t) _

dt

dP1(t)
dt

dp, (t)
dt

5 o=
A2k tof| A i
po ()2 H2lE
dpy(t) ~ lim po(t + 6t) — po(t)
OOO dt 5t—0 ot

po(t + 6t) = po(t)(1 — abt) + p,(£)f16t
po(t + 6t) — po(t) = —po(t)adt + p,(t) B, 6t

0 6t) — Po
Po(t + 2 D @) B

aopo(t) + B1p1 (D),

aopo(t) — (ag + B1)P1(t) + B2p2 (L),

= ap_1Pn-1() — (an + B)pP1(0) + B2p2 (D)

___________________________



— G 1 MEASEMNE(Birth-Death Process)
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0 =—aopo + B1P1, -
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B. 1140| =2k0| AIAE! LHO| 1114O| 20} S EISH B
o A|AHR! LY H|XHA|ZFH(System Sojourn Time)2| 2 3t4=(3/5)
+ MZ S DH0| EA610] XHAI Q0 nHO| T2H0| QU HL, NHO| AIAH Lol
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TMO| SAL0] AR LHO| TTTHO| 40 BESH BO
+ AIAS LOIAf] BRARIAIZ1/2)

« E[T) = [V tp®)dt = [ p(t>D)dr == —

B-a  B(1-p)

D] BREAZO| AZHE 100| T TH0| TRAHIAAIRIO| 5291 M/M/1 7 AIAA 0f= 1240
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1 1

* E[T] = fooo tp(t)dt = fooop(t > 7)dt = =
ELETE
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D2Ho| WRTAHEO| A2 10%0| T T40| HRMHIAA|ZI0| 5RO M/M/1 7 NAHUN X D2o|
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I | !

= |
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AlZto] et E st
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2|2 X sk~ (Tail Distribution Function)E &t8at 4 %ll:t 2PEOIEOHH ==
B0 UAAX|ECE 2 242 1< W, T HiCHe| 1Py O 2 2tEH 4T} °'71I*IEEF

xS 818 7te AL 2o TH|E T & Lt

Fix) =1-%(x) =1-P{Wy() > x} = P(Wy(t) < x}
P{Wy(t) < x} =P{Wy() =0} + P{O < Wy(t) < x}
P{Wy(t) =0} + P{0 < Wy() < x}

- pO(t) + Zn 1pn(t) f e_ﬁyﬁn (n-1)! dy
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« MZ2 10| A|ARO| 2510 AH|A BHS WFX| CH2|BO0l[A 2|Ch2]=
AlZto] et E st

* ¥(x) = P{Wy > x} = pe” (b~
P{Wy(t) =0} + P{O0 < Wy (¢) < x}
— pO(t) + Zn lpn(t) f e—ﬂ}’Bn (n-1)! dy

___________________________________________________________

| 071, e_ﬂyﬁ" - )E nE2| nAHoj| oI5t CHI|A|Zte] 2HE T = &0[H, 024 2}2t9] MH|AA[ZHO|
___________ KleREE E”_E_“ B2, nel D0l cigt AslAte) Btel E'E'_E_Effj_f_%iae*‘?_g_%_ e
(ojatgim: MR AQA|7H0] x9I AFHO| | n—
I ol LF o| = ) I 0o X n y"
SRR ® S e —) dy
I e -

___________________________________________________________

| p < 1 ZABON AIAHS QYO R SISO AI2t0| F23] K|t L} AlAR AlEh= Aj2t0f 22t
| 81| ol k2t Wo(6) > WoR LIER & Uk,

s P(x) = P{WQ > x} = pe~(B-@)x 25
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A|Ztof| CHot 22 et
« W(x) = P{W,y > x} = pe‘(ﬁ‘“)x
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B. NIAR! SEHEES(1/3)

(1 p)p" 0<n<K

*Pn= 1-pk+1’
_Jpop™, 0<n<K
Pn = \ 0, n>K
/ Z‘IIf:O pn - 1
1 1 1-p
Po = SK ot 1-pKFT T 1_p+1
1-p
_ (a-p)p?!
17 1_pk+1
_ (1-p)p"

n 1_pK+1

TMO| A7} nQl 22 p. 0f] ZHEF] OHRE n = KU HO
A|ABIE=(System Congestion) $1440| °'01'-H:f
O|2{¢t A|AHIQ| Zx2HE(Blocking Probability)=
Ct=1t ZCf,

(1-p)p¥
pK - 1_pK+1

10 3t p,, 0l 2ot BAHAGM K - oY A2,
OI AlAE-Ilo 0.||:I:-Ij." x_ll-'cg-;)l.’)
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(1-p)p"
*Pu=1 e 0Sns<K

{pop", 0<n<K
* Pn =

00n>K
YUHtX o 2 M3l wetd| = 02| He| IO =2 RE S0{&= T3S YT HIoj| XS T A =0
(kA SELHA X 2] gt SEC ofif, T3l e W EAE0| X 5710|11 SLte| mi312| T A{H[AA[2HO] %
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(1-p)p"

*Pn= pK+1'O<n<K
. _Jpop™, 0<n<K
Pn = 0,0 n>K
&Ml 3-10

QUIF 0= M3 M| O3 Ho| IMOZEE SO{QL I3IS UTH Ko MESHET S5t 240
afaba| SHHA Majsict sict. ofw, Tf3lo] BR=AE0] A5t 50| Shte] T3] BEAH|AAZtO)
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B. al-IAFH(Rare Event)(1/2)

OffH I3 M| E YISt HI{C| 37| S MH[St= AbgoflA T2le| WA E4E0] 20|11, BFMH|AEO| uol

|
- OO

| ZOMSERE U0 JPHSIRE T2 TAISH aA{0 QlsiA] BHHO| SHPY M| AE|H HI{O| F|= k — 1

| O|2[1L BT}, 02 |A HID £ HEHQI AAQ| SHA|E 2Lt AX| QT JX[SH| 2[8HM TH2 w220t

| ZH|sHO} & HI{o| 37| Hnp}?

!

. (1-pp¥ _ [
K= q1-pk+1 = | HIH Q| £|& 3 I|E 1517 fI6H KOl CHot 2tA[A] 2 J2[SHOFEITE, O 7] A,
c : log(x)= Base?l 102! 21%t=0|11, METt~(Ceiling Function) [x]&=
ke log(l_pﬂp)‘ | xECH AR A4 A E LIERAC
- log(p) S
K K+1
1-p)p* <ed-p*) log(p¥) < log (1 — )
(1-p)p¥+ep*l<e ’ 1,,
pXA-p+ep)<e K-log(p) < log (1—p+ep)
K £ 1
p < (1-p+ep) > log(l—p+£p)

log(p)
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B. al-IAFH(Rare Event)(2/2)

OffH T3] W20| S flet HI{o| 37|5 EAlol= &M I3lo| B =AF0] 10|10, WdMH[AZ0] p?l
TOSEEE MECHD OISt 32 Aot &=AMof| 2fshA SHAOH| SHLP4 AJH|AE|H IS 30|= k-1
O[Z[11 STt 07| M HIHDO | F3& HEHQ! AAS SEX|S eECt X BE 7 X[017] /oA T2 w2 |5t
ZFH|3HOf g HI{2| 37| = HOtUNf?
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—— - = =

—p) oK ( \

. p (1-p)p < : ,
K™ 1piet = | H{THO| X|4 37|15 F1617| IsH KO CHEH 2l o 2 Ha[sHoFetrt. 0171, |

1  log(x)= Base?t 1091 23%=0|11, HFef(Ceiling Function) [x]= !

. [ 0g(1—p+sp)‘ | xECE X G2 X Y-S LIEIHCL, |
log(p) | )

A|AR 25191 0.1,0.5,0.72 MPHX| K&l M/M/1/K 7 AMAH| CHoI0] A AR ZF2H520] 10°0[5t2
FXIE|2] 2lote] 2R HI 2| 2| AT S FLolEL
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C. NIA™! LHO| =110 £+ = S=L[HTIAIZF L a-ppr

— vk _ _(A-p) _ p[1+KpFt1—(K+1)pK] i S 1-
+ EIND = ZncomPn = e Zno ™0™ = == ey

. ZK np" = p(1-(K+1)pK+KpK+1) _ 1-(K+1)pK+KpK+1 _ p[1+kpX+1—(K+1)pK]
n=0 (1-p)? (1-p)? (1-p)?
C W= E[N] _ 1 y a[1+KpX+t1_(K+1)pK] _ 1+KpK+1_(K+1)pK o '“'z' ;l; ST
ae a(1-pg) (B—a)(1-pK+1) (1-p)(B-a)(1-pK*1) | f—a
- SR XE(Effective Arrival Rate) a, = a(1 — pg) , 1-p="5

TH3IS ML 4 9l HI{O| J40} 52 Qs 2IQEOIN ZOISRES 12t S01Q= T2l0| BRTAE
0] & 50740| 1 X E4A LTS M2 TY3IAHIAAIZES] HRE 1217 STt 0|, SHto| TZ(0]
2HSE{OIA AH[SHS AIZHS W % & 91f7
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Q) 4 mmna
A THR(1/3)

- T2 MHO|| SA|0 =A0h= 12HO| =0} KO A|AFIS| CHY[HZof| Tt 2H8 2=
» BAAMH[AE B X|EEE MEE OIS MHe| MI{=En=0,1,2,-,0
» B EAE al FOIS EAIPY0|N oHHO| =4 Al KE2| 1240
FEto 2 EAfs
« HENTIO[Eg Al (State Transition Equation)
* po(t + 8t): A2kt + 5t0f|A] A AH Lo n24o| of F= GiS =t
» A2 eoflA Al AR Lo n240] oF P iU (po(D)), OIF AlZt 6t S0
Al A0 1240] oHE = =AGHX| pEUS PR (1 — adt)
° AlZE oM A|AE Lo 00| o B U1 (p4 (1)), OIF A2t 6t SO

DHo| MH|AS YT AAUS HLIH2|HLK(BSY), M2 CH2 1o
o= L1 - adt)

po(t + 6t) = po(t)(1 — adt) + p4(t)(1 — adt)Bdt,
p1(t+6t) = p1(H)(1 — adt)(1 — pdt) + p,(t)(1 — adt)Bdt,
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A. TiR(2/3)

o Tt MO SA|0f| EAtSH= T2HO| 401 KOl A| AENO| CHY|3HZof| LSt &H8 B
« AEfH O[T Al(State Transition Equation)

. pl(t+ 5t): A2t t + StOf| A A|AE! Lioj T1240| $tHOo| Q)2 st
« AZh tOf| M A AR LHoj| n2Ho[ of O] UYL= (p4 (1)), Ol= A2t 6t S0 =
ME| A ELEX] 2 d2((1 — a,16t)(1 — B461))
o AZhtOf| M A AR LHO|| D2HO| &= T AR (p, (1)), O|F A2} 6t SOr0f| 11 2H
otE0| MH[AE OFX[ 0 A|ABIZ [HLEHE[HLE(B,6t), M2 CHE 1219
Ex0| gl= 39(1 — adt)

= Po(t)(1 — adt) + p,(t)(1 — adt)Bdt,

= p1(0)(1 — adt)(1 — Bot) + p,(t)(1 — adt)Bét,

Pr-1(t +6t) = pg_1()(1 — aét)(1 — Bét) + px(t)(1 — adt)Bét,
Pk(t + 6t) = po(Dadt + px(H)(1 — adt)(1 — B6t) + pg.1(t)(1 — adt)Bdt,
Pr+1(t + 6t) = p1(H)adt(1 — Bét) + pg+1(H)(1 — adt)(1 — Bot) + pg2(H)(1 — adt)Bdt,

Pa(t + 6t) =

Pn-g(®adt + p,(t)(1 — adt)(1 — f,6t) + pp1(H)(1 — adt)Bét
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A. Tig(3/3)
- THE MEOf| SAI0| =ASHs 0249 =01 K@ A|ARS| CHY [ Zf| Chigh =tE 2
« AEfH O[T Al(State Transition Equation)
e pr(t+ 8t): A2ttt + StOf| A A| AR LHOJ| 12H0| KHO| Q8 =t

B2 (po(t)adt)

« A|2FtOof| A A| AR LHO|| D2H0| K U =0, O|F A2t 6t S0 2o =%}
f MBE|AIF LHOLEX| 2 A2 (pk () (1 — adt)(1 — B6t))

« A|2FtOf| A A AR LHOf| D2H0| K + 1T UUE=L, 0| A2t 6t S2H0j| n2Ho
EAH0| YOJLEX] ¢t 1, MH|A Z=I ot BR2(pk+1 (O (1 — adt)Bét)

Po(t + 8t) = po(t)(1 — adt) + p,(t)(1 — adt)pot,
p1(t +8t) = p1()(1 — adt)(1 — Bét) + p,(1)(1 — adt)pdt,

Pr-1(t +6t) = pg_1()(1 — aét)(1 — Bét) + px(t)(1 — adt)Bét,
Pk(t + 6t) = po(Dadt + px(H)(1 — adt)(1 — B6t) + pg.1(t)(1 — adt)Bdt,
Pr+1(t + 6t) = p1(H)adt(1 — Bét) + pg+1(H)(1 — adt)(1 — Bot) + pg2(H)(1 — adt)Bdt,

fn(t + 68t) = pp_g(Oadt + p,()(1 — adt)(1 — f6t) + pp41(D)(1 — adt)pét
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* pr=p(1+p) (1 -Kp) k<K

Dl_E' t - ©
0= —apo + ﬁpll
0 =—(a+ B)p1+ B2

—dpjft) = —apy(t) + Bp1(D),

dpl(t) = —(a+ Bp1(t) + Bp, (1), .
| 0 = —(a+ B)pk-1+ Bk

ualt) —(a+ B)pk-1(t) + Bpk (L), 0 = apo — (a + B)pk + BPk+1,
i 0 =apy— (a+ B)pk+1+ BP
dpk (t) — K+1 K+2)
o= PO @ PPO+ PP @5 srhghEpon G A9l
d (t) : - |
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B. NIAE AIEHEHS (2/2)
* pr=p(1+p) (1 -Kp) k<K

ZKZP”Z"‘“Z nZ" - /’zpnl"wzpnznl_o
n=0 n=0 n=1

azkP(z) — aP(z) — B(P(z) — py) + ﬁ(P(Z) Po) =0
Brol—2) | prol SBAEEAPGH @B |
P(Z)zazK+1_(a+ﬂ)Z+ﬂ I [o'e} :
| P@ =) 7'y, P(1)—21"pn :
Ka ' n=0 |
P(O)=p0=1——=1—Kp e e /
B
Y B —PBPo _ =Bpo _
PQ1) =lim P(z) = (K+1DazKk —(a+p) Ka-f !
(m =)PPO =p(1—-Kp)
p2=1+p)p1=p1+p)A-Kp) S =
3—(1+P)P2—P(1+P)2(1 Kp) : Pn _fp(nlp p) i

o o o e e e e o o o =

pr = p(1+ p)k~ 1(1 Kp) k<K
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@ HE #1- ZRBNH

- AEHf TO|: State Transition
« ASZA[ZEOE I 314 Continuous-Time Markov Process
« WHLXME: Average Arrival Rate
« WAAMH|AZ: Average Service Rate
« R A[ZF: Unit Time
« WRLZXEA: Average Interarrival Time
« HAMH[AA[ZE: Average Service Time
- M= Birth Rate
« A= Death Rate
« ME{2HE: State Probability
« MEfHO[RIH Al State Transition Equation
« TYIHME: Steady State
- M EglT ZE: Average Traffic Intensity
o XM Arrival Process
« AH|AD}H: Service Process
- EZ{|3 E3}: Offered Load
« A|AHI Z= 3HE: Blocking Probability
- 98 TXHE: Effective Arrival Rate
« N|X{f A|2t: System Sojourn Time
- ™3 XX A2t Mean Sojourn Time
« ™A C{2| A2t Mean Waiting Time
« CH2| A|2F 2X: Waiting Time Distribution
« AJARNLY I 1120 o~ Average Number of Customers in System
« 7 LH ™ CH2| 028 2~ Average Number of Waiting Customers in Queue
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« &4 3-5

1. rho =0.1:0.1:0.9;

2. PO =1 - rho;

3. P10 = (1 - rho) .* (rho .A 10);

4. figure;

5. plot(rho, PO, 'bo-', 'Linewidth', 2,
'DisplayName’', 'P(n=0)");

6. hold on;

7. plot(rho, P10, 'rs-', 'Linewidth', 2,
'DisplayName', 'P(n=10)");

8. hold off;

9. xlabel('\rho', 'FontSize', 12);

10. ylabel('p_{n}', 'FontSize', 12);

11. Tegend('show');

12. grid on;

13. yTim([O0 11);

14. xTim([0 11);

15. xticks(rho);
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=

beta
alphas

100;
[5, 30, 50, 80];
colors 'r', "', 'g', 'm'];
rho = Tinspace(0.01, 0.9, 100);
wW_q = rho ./ (beta .* (1 - rho));
figure;
plot(rho, w_gq,
hold on;
for i = 1:1ength(alphas)

alpha_i = alphas(i);

rho_i alpha_i / beta;

W_g_i alpha_i / (beta * (beta - alpha_i));

'k-', 'Linewidth', 2);

O 0O NOYUUVI A WN

=
o -

=
N R

==
How

plot(rho_i, w_q_i, [colors(i) 'o']l, 'MarkerSize',6 8,

=
(S]]

. end

16.
17.
18.
19.
20.
21.

grid on;
x1abel1('$\rho$"',
ylabel('$w_Q$',
Tegend({'$w_qQ$"',
'$\alpha
'Location’',

'FontName',
'FontName',

'latex',
'latex’',

'Interpreter’',
'Interpreter’,

5$', '"$\alpha
'northwest’,

30$', '$\alpha = 50%',
'Interpreter', 'latex',

'Times New Roman',
'"Times New Roman',

'"Linewidth', 2);

'FontSize', 12);
'FontSize', 12);

80%'},
'Times New Roman',

'$\alpha

'FontName', 'FontSize', 12);
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« 204X 3
1. R = 0:100;
2. alpha = 10;
3. T_detect = 0.001 + 0.002 .* R;
4. beta_detect = 1 ./ T_detect;
5. wg = alpha ./ (beta_detect(stable) .* (beta_detect(stable) - alpha));
6. figure;
7. plot(wq, 'b-', 'Linewidth', 2);
8. xlabel('R', 'Interpreter', 'latex', 'FontName', 'Times New Roman', 'FontSize', 12);
9. ylabel('$w_Q$', '"Interpreter', 'latex', 'FontName', 'Times New Roman', 'FontSize', 12);
10. grid on;
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=x
« 104X 4
1. alpha = 90; 23. hold on;
2. beta = 100; 24. x1ine(10, '--', 'Color', [0.5 0.5 0.5],
3. rho = alpha / beta; "Linewidth', 1.5);
4, K_vals = 1:20; 25. hold off;
5. P_K_vals = zeros(size(K_vals)); 26. grid on;
6. alpha_eff_vals = zeros(size(K_vals)); 27. x1§be1('K', 'Interpreter': 'latex', 'FontName',
7. for i = 1:length(K_vals) Times New Roman', 'FontSize', 12);
i - - 28. ylabel('$P_K$', 'Interpreter', 'latex',
8. K = K.vals(i); . Sy TR TNy
9 SF rho ~= 1 FontName', 'Times New Roman', 'FontSize', 12);
. B 29. % Jd2Z 2: |8 N2l
10. PO=(C -rho) / (1 - rhoA(K + 1)); :
11 else 30. figure;
12' 0 =1 - 31. plot(K_vals, alpha_eff_vals, 'bo-', 'Linewidth',
] PO=1/ K+ 1); 2, 'Markersize', 6);
13. end . 32. hold on;
14. P_K = P_0 * rhoAK; 33. x1ine(10, '--', 'color', [0.5 0.5 0.5],
15. alpha_eff = alpha * (1 - P_K); "Linewidth', 1.5):
16. 34. hold off;
17. P_K_vals(i) = P_K; 35. grid on;
18. alpha_eff_vals(i) = alpha_eff; 36. xlabel('K', 'Interpreter', 'latex', 'FontName',
19. end '"Times New Roman', 'FontSize', 12);
20. % = 1: Kok =E (P_K) 37. ylabel('$\alpha_{eff}$', 'Interpreter', 'latex',
21. figure; 'FontName', 'Times New Roman', 'FontSize', 12);
22. plot(K_vals, P_K_vals, 'ro-', 'Linewidth',6 2,
'Markersize', 6);
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beta = 100;
K = 20;
T_out = 10;

% =XE alpha He

% alpha_vals = 50:1:110;

alpha_vals = 95:1:105;

P_K_vals = zeros(size(alpha_vals));
P_out_vals = zeros(size(alpha_vals));
P_fail_vals = zeros(size(alpha_vals));

for i = 1l:1ength(alpha_vals)
alpha = alpha_vals(i);
rho = alpha / beta;
% P_K A
if rho ~= 1
P_O (1 - rho) / (1 - rhoA(K + 1));
P_K P_0 * rhoAK;
else
P_K
end
% P_out Al
if alpha < beta
P_out = rho *exp(-(beta - alpha) * T_out);
else
P_out = 1;
end

1/ K+ 1);

27.
28.
Zon
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

41.

42.

43.

44.

% P_fail

P_fail = P_K + (1 - P_K) * P_out;

P_K_vals(i) = P_K;
P_out_vals(i) = P_out;
P_fail_vals(i) = p_fail;
end
figure;
hold on;
plot(alpha_vals, P_K_vals, 'y-',
plot(alpha_vals, pP_fail_vals, '
plot(alpha_vals, P_out_vals,
x1ine(beta, '|',
'Interpreter', 'latex',
'Labelorientation',
'LabelverticalAlignment',
'Linewidth', 1);
grid on;
xTlabel('$\alpha$', 'Interpreter',
'FontName', 'Times New Roman');
ylabel('Failure Probability’,
'FontName', 'Times New Roman');
legend({'$P_K$ (Ooverflow)',
'$P_{\mathrm{fail}}$ (Total)',
'$P_{\mathrm{out}}$ (Timeout)'},
'Interpreter', 'latex',
Roman', 'Location', 'northwest',

'b-.

g_

'Interpreter’,

'FontName',

'"Linewidth', 2);
', '"Linewidth', 4);
', '"Linewidth', 1);

'$\alpha$ = $\beta$ = 100',
'FontSize', 10,
'horizontal',
'bottom',

'color', 'b',

'latex’,

'latex’,

'"Times New
'FontSize', 15);
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alpha = 5;

beta = 100;

K_vals = 1:30;

rho = (K_vals * alpha) / beta;
figure;

plot(K_vals, rho, 'b-o', 'Linewidth', 2); hold on;

yline(1l, 'r--', 'Linewidth', 2);
xticks(0:2:30);
yticks(0:0.1:1.5);

xTabel('K");

ylabel('\rho");

grid on;

ylim(C[0, 1.51);
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1. K = 10;

2. T_send = 60;

3. beta = 200;

4. endpoint_vals = 1:1:50;

5. W_Q.vals = zeros(size(endpoint_vals));

6. for i = 1l:1ength(endpoint_vals)

7. N = endpoint_vals(i);

8. Jambda = N / T_send;

9. alpha = Tambda * K;

10. rho = alpha / beta;

11. if K * rho < 1

12. WQ=(?* K+1 *rho) / (@2 * (1 -K * rho));
13. else

14. W_Q = NaN;

15. end

16. wW_Q_vals(i) = wW_Q;

17. end

18. figure;

19. plot(endpoint_vals, w_Q_vals, 'b-', 'Linewidth', 2);

20. xlabel('Endpoints', 'Interpreter', 'latex', 'FontName', 'Times New Roman', 'FontSize', 12);
21. ylabel('$w_Q$', 'Interpreter', 'latex', 'FontName', 'Times New Roman', 'FontSize', 12);
22. grid on;

23. hold on;
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