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'O and Storage Systems

Recap: Nano-layered Disk Heads

. 'ipeciill sensitivity of Disk head comes from “Giant
agneto-Resistive effect” or (GMR)
“I1BM is leader in this technology

- Barma taohnology ac TEL-SAM braakthrough we decorbad In
sarler olsce.

Wi Filepd

Cail for wricing

April 23, 2004
John Kubiatowicz (www.cs. berkeley edu/~kubitron)
Iniicifacad
lecture slides: hittp:liinst.eecs berkeley edul~cs152/ Wend Hirsl N widaprn
F ki e
Hizeanp;
AT BUCHE Spring 2 N T
Recap: Disk Device Terminology Disk 'O Performance
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Intreduction to Gueueing Theory

gttty Departures
Jueneinp

Arrivals

System

* Gueueing Theory applies to long term, steady state
behavior — Armrival rate = Departure rate

* Little's Law:
Mean number tasks in system = arrival rate x mean
reponss time

+ Obsarved by many, LitHe was first to prove
ﬂ?ﬁ'mﬂ‘mﬁﬁfmﬁwm'“ N

pplies to any system in equilibrium, as long as
hlﬁﬂ in black box is creating or destroying tasks
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A Little Queuing Theory: Use of random distributions
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= Server spends a variable amount of time with customers

= Wedghited maan mT=[M 2 T1+12 X T2 +_+n x TN}F
=L WTIT

< @ =M ETH = 12 T2+« I X TRAWF — ms
=T pyTIT= - m12

- Sguarad cosfMolant of varance: C = #imié
Unittisgs maasure (100 me? va. 0.1 84)

* Exporendlal dstribulion © = 7 2 most short rlative fo averags, Taw others
long: 50% < 23 & awerags, B2% ~ average A
Hyposepomsertial dicsribusion < 1 : most dloce o Famrags, y A
C=0E = pD% « 70 ¥ pvarage, anly E7% = averags
Hypsrmponsntal diciibadion © = 1 - Burdher from avarmge
C=20 = plS% o 7 B ¥ pvarapge, S5 . miarEgs —
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A Little Guewing Theory: Variable Service Time

Fyciam
Gusus Larar

erse |~ TTl—{1o6 |-

* Disk response times C = 1.5 (majorty seeks < average)

* Yet usually pick C = 1.0 for simplicity P
+ Mamoryless, sxponantial dist
« Many complex syetams wall describad 4‘
by mamoryless dlztribution] ———

* Amother wseful walue is average time
miust wait for server to complete current IEEI'l m‘.l (z)
» Called “Average Residua! Wait Time”™
+ Mot Just 142 x m1 bacauss dossn't capture varance
+ Can derive m1{z) = 12X M1 X {1+ C
« Np vananes —» C=0==mz} =172 x m
« Exponengal —s C= 1 == mifz) = m1
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A Little Queuing Theory: Average Wait Time

* Calculating average wait time in queue T_-
= All customers in Bne must compilats; awg Bime: m1eT,,.= 14
= It somekhing at sarver, I takas to compéste on average mz)
Chanca server |8 busy = u=A/=; average dalay 18 v x mi/z)

T.=uXmiEl= L XxT,, S _
T,=UXMIZ) s AXT X T Latie’s Law

T _=uxmi = UxT T
T’rﬁ—wg}mﬂmrﬂ Defn of utilization {u)
T, =mifzjx wii-u) =T x {1/2x {1+C}} x w1 — u))
Notation:

A ayerags number of El'l"h'll'm customeraisecond

T Aawerage fime to sarvice a customer

u sarver utllzatlon (0_1): o= 4x T,,,

T,  average timedcustomer in quaus

L average length of quews:L = ix T

rn1|::|:] awerags rasldual wailt tma = T_,x {182 % (1=C)}
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A Little Ghuewing Theory: MIGM and MMA

* Assumptions so far:
+ @ycism in aguilbrium
+ Time babtwssan two cuccacchs arrtvalc In lins ars mndom
+ 3sréar can siart on neoct cuciomer Immediststy aftar prior Ainlchec
+ Mo limit 8o the queus: works Firci-n-Finst-0Dut

» Affsrward, all cuctomeart in line must compists; sschavg T,

* Described “memoryless” or Markovian request arrival

(M for C=1 exponentially random), General service
distribution {no restrictions), 1 server: M/G/1 gueues

* When Service times have C =1, M4/ gueue

a= loer X U /(T-uj)
FB me to servica a nuutuu-mnl
annla lzatlon (0. 1) w=AxT
T,, avarage timaicu Br ||1 quau
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A Little Queuing Theory: An Example

* Processor sends 10 x 8KB disk /0 per second, uests

& service exponentially distrib., avg. disk service = 20 ms
= Thila comea from disk
Zervica = Ay CHBL = mve rot hnl.'rurimi-l:rh'lmrhum

* On average, how utilized is the dlﬁl-t‘i"
= What I the number of requssts In the guesus?
« What ls the avarags tme spent in the quews?
« What ls the awarapgs reaponae tima for a disk raquest?
: I'lzltahurl
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| - Eﬁ D'E'!ummz']ln BFEBmT wa =T *T = 23 MB
S re-qjir.mﬁtn I I:EE-I..IE

L a-rmg;;u Blnﬂjﬂnm.'_ = AX T,,= 10/8 ¥ 0258 = 0.25
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Memory System VO Performance

Proos e
Requeci Rat I Eervios Rate?
" ..I"-l.
GuBus

* Pipsiinad Buc 'with quswes at controlisr? | Mamaory

- Tima to franefer mquost ———

s 'I'q___= Gusuning Delay+cary ks Hms

- T bo franchar dats
" DRAM hac DETERMBMIETIC sordcs ims

* T o *+ I * R + L

=m1{Z) X 41-U) = T X {12X [1+CRxufl —u
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Administrivia
* Go to the "Projects™ link and describe your project (By
Friday)
* Thursday: Sections in lab again (119 Cory)
+ Dlacuss your deslgn document
+ Sand draft to TA tonight
* Midterm Il next Wednesday
« 5230 - &30 In 306 5043 Hall
Pizza aftaraands
- Taplcs
Fipelining
iCach
Bussas and MO (Dilek squstion]
Quewsing
« Can being 1 pags of notes and calcutator
Handwitten, double-slded (CLOSED BOOK])

* Oral Report
+ Powsrpoint
+ 15 minuts pressniation, 5 minutes for quastions
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