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Recap: Nano-layered Disk Heads
* Special sensitivity of Disk head comes from "Giant
Magneto-Resistive effect” or (GMR)
*IEM is leader in this technology

- Bame tachnology as TMI-RAM breakthrowgh we desoribad In
sarilar dlace.
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Recap: Disk Device Terminology Disk 'O Performance
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Intreduction to Gueueing Theory
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* Queueing Theory applies to long term, steady state
behavior — Arrival rate = Departure rata

hrrtle s Law:
ean number tasks in system = arrival rate x mean

reponse time
« Dbeerved by many, Litts was firet to prove
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25 to any si_rh stem in equilibriurm, as long as
ing in black box is creating or destroying tas
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A Little Queuing Theory: Use of random distributions
Eycism
Gueus sarder gL
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* Server spends a variable amount of time with customers
« Wadgttsd mean mT =M 2 T1+12 X T2 =_+In x TN}F
=SEDNTET
+ ot =M XTI« 12X T2+ _» T ¥ TREWF —miis
=¥ pTT? - m1s
+ Sguared coafMeient of varance: C = o*mT*
Unitisgs measurs {100 ms? w2 0.1 24)

* Exponiertiial @istbusian © = 1 : most chort refativs o searsgs, few othars
long: 203 = 2.1 & mmarags, 33 < avarags A
Hyposoponsntial diciibution C = 1 : mocd eloce 1o mearags, Kr

C=05="80% < 10 x avsrags, anly &7% = Fearags
Hyperax ponan@al dicinbaton C = T:ﬂrrl:hurl‘umuumuu
C=10==0lM& < 1.2 X averagn, 835% < ovarsgs
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A Little Gueuwing Theory: Yariable Service Time
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* Disk response times C = 1.5 (majority seeks < average)
* Yet usually pick C = 1.0 for simplicity Ava.
» Memorylese, sxponantial dist "\
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* Another useful value is average time
must wait for server to complete current taﬁh m]’f:,ll
» Called “Average Residual Wait Time”
+ Hot just 122 x m1 because dosan't caphurs varlance
+ CAn dertve m1(Z) = 12X m1x {1+ C)
« Novananes s C= 0 == mifz) =12 x mi
« Exponangal s C= 1 ==mi{z) =m1
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A LitHle Queuing Theory: Average Wait Time

* Calculating average wait time in queue T_:
= AN customers In lins muat complets; awg fime: m? T = 1.
= It somsthing at sarver, it takss to complsts on average mi/z)
Chance sarear |8 busy = u=u/u; Sverage dalay ks v x m1jz)

T,=uxmifEl=L.xT,, T _
T,=UXMIE) + AX T X T, Littl='s Lom
T:-'-'fmTrEH b T, Defn of utilization {u)

:r.[1 ~u) =mifz xd
= Mz} X U1} = T, X [1/2 % [1+CJ} X uf1 — uj)

Notation:

awerags number of arriving customareisesond
averags time to sarvice a cusfomear

o sarver utliization (0 1y u=2xT

Tq average imelcustomar In queus

J. average length of queue:L = ix T

rn1|:1] awerags rasldual walt tima = T % {122 {1=-C}}
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A Little Ghueuing Theory: MIGHM and MIMA

* Assumptions so far:
+ Sycism in squilisHum
+ Tima batwsen teo custacche ariyvals In ling 2 random
+ Smrear can start on nect cuciomer Immadiststy after priar Ainlchas
+ Mo Bl fo the queus: works First-in-First-Out
+ Aftarwarnd, all cuctomers in Bine muct complabs; ssch avg 7,

“ Described “memoryless” or Markovian

E.l for C=1 exponentially random), General service
'E-tI'IhIJtIl:Il {no restrictions), 1 server: M/G/1 qgueus

“ When Service times have C =1, M/M/1 queuse
=T, xu/{T-u

EHHP.,H“ to service a customer
Izatlon '!umﬂ = .-lI T
:I',| avarage fimaicu Bl In gqueus”
SAEET EBUTH Sading JD3]

uest arrival
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A Little Queuing Theory: An Example

* Processor sends 10 x 8KB disk 1'0s per second, uests
& service exponentially distrib., avg. disk service = 20 ms

+ Thils mumbsr Comes Trom disk
Zarvice = &ve cank = ave rof + francfar time = obr ovarhesd

* On average, how utilized is the dl".il'l.?
+ What |2 the number of requeats In the qusus?
« 'What |2 the avarags time apsnt In the quews?
'ﬁlmllulnmragarmpmmﬂmnmradummm
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* Plpsliinad Bws with gquews at ooniroller? Wy
+ Thme fo tranchar reguact Controliss :Il:lﬁ.ﬁ.
* Tame= Gumusing Doy +6ardl o femes
+ Tim= o tramctar dets

" DRAM hac DETERMIMIATIC carvics Hma
* Tl * I-1)* B +t:rld'.lr|:|.
T.=mizxuifT-0)l=T,_ X /X (1-Clxrufli-n
u'1|:“=£l'l (T-U) = Toue X (1=ClF X Wit — o))
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Administrivia
* Go to the "Projects”™ link and describe your project (By
Friday)
® Thursday: Sections in lab again (113 Cory)
* Midterm Il on Wednesday
= 5230 — 8230 n 30& So0da Hall
Plzra afterwards
» Toplcs
Fipelining
CachaaMamory syebams
Busaa and 10 {Dilek squathon)

Gususing thaony
« Can bring 1 pags of nobas and calculator

Hardwitten, double-slded (CLOSED BOOKI)

* Oral Report
« Powerpoint
« 15 minute presantation, 5 minutes for quastions
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