COST J COST pec UV\'"\' Manufacturing costs drop as expertise grows,

for that process

k -- better methods

— Time -- better equipment
-- less waste (time, materials)

Yield = 1 - waste
I ﬁ -- #(devices sellable) versus #(devices produced)

>
E’”’" -- #(devices sellable) versus (cost to produce them)

€.q. DRAM = price = o cod)
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[ RILE --- lots of vendors
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l —— fime

Commodity market

new ploit mline : #3B /3 yr

DRAM Unit Volume by Generation [37]

Invest in largest demand ==> production cost amortized ==> larger profit
hot-new ==> high price / low volume ==> old-standard ==> low price
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1.1 Point Processes

Definition 1.1 A simple point process o = {t, : n = 1} is a sequence of strictly increasing

points
Dty <fas oo, (1)

with t,—o0 as n—oc. With N(0) L0 we Lot N(t) denote the number of points that fall in
the interval (0,4]: N(t) = max{n: t, < t}. {N{#): ¢ = 0} is callad the counting process for 1.
If the t, are andom variables then 1 15 called o random point process, We sometimes allow a

point ty at the origin and define ty = X, =t,—ty1. n =1, is callad the n'™

time.

n
interarrival

We view £ as time and view t, as the n™ arrival time. The word simple refers to the fact that
we are not allowing mare than one arrival to ocurr at the same time (as is stated precisely
in (1)). In many applications there is a “system” to which customers are arriving over time

1.2 Renewal process

A random point process v = {{,} for which the mterarrival times { X, } form an i.id. sequence

is called a renewal process 1, is then called the n™ renewal epoch and Fiz) = P(X < 1)

demotes the commen interarrival time distribution. The rafe of the renewal process is defined
defl |y

as A= 1/E(X).
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P(m.N.p)=——p"e™ ¥ P(m,u) =
m! m!

1.3 Poisson process

Definition 1.2 A Foisson process at rate X is a renewal point process in which the interarrival
time distribution is ezponential with rate \: interarrival times {X, : n = 1} are iid with
common distribution F(r) = P(X £1)=1-¢"%, 220, B(X)=1/A

k= //?. (/W/d}

un lme X



Simulating a Poisson process at mte A up fo time T

L

2

3.

[

t=0,N =0

. Generate [7,

t=t+[—(1/AIn(U})]. Ift > T, then stop.

. Set N =N+ 1andset ity =1

. Go back to 2.

Suppose that for a Poisson process at rate A, we condition on the event {N{f) = 1}, the event
that exactly one arrival ocurred during (0, ] We might conjecture that under such conditioning,
ty should be wniformly distributed over (0,f). To see that this is in fact s, choose s € (0,1).

Then

Pl SN =1) =

Pt <5, N() =1)

Pg=1
FIN(s) = LN{t) = N(s) =10)
B U
Mg )
- —
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--- Data is copied from to registers:

red pebble on /7%‘ Q U“P+§
hoond AL

--- Operation done on register contents To re&‘s en

--- Result written to register: /
resu“

red pebble on arc

o reét m
--- Register reuse: copy registers to : ® o\?l' pv+

pebble on arc

SJMC Por'lll‘o'h “17 Dﬁ*ﬂ, GZ&PLI Pebblﬁc) V‘Qé oQayee
dwwﬂé Oomptfhiwh
ﬂufpds PLMCA ]/ugm o WWPMWL

1D Q)rozm\mquf (L‘SP —}"kex Functional Programming

Any step can be taken whenever ready

Dp/b vsom A B = C allocated in parallel with Loop unrolling
g C = Mra% (l n) - Function returns before C is filled
% Ftﬂ L 4% 1N Each C_i waits for A_iand B i
Semantics are write once
C. ¢« A +B X
i Synchronization is implicit

individual tasks distributed as HW available

In C



DQJD L? A 2 Loop unrolling

E $=0 s i+1 =s i +A i+B_i

In { . Synchroniztion?
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Write-Once semantics
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Split-phase operation: asynchronous R/W requests lJC V= Presen

sent, asynchronous result returns value. \'\I 1. mﬂ({ M

Good at hiding memory latency?
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Good at tolerating high synchronization costs?



fmﬂtx‘cm / Confext

recursixm CCLH5 ’M»H‘C(P\es

}

roudtigde ponslld
ochwe  calls

STACK

Jc(a,mﬂ

P\c"]""l E} |(.ﬂ)
?PVG:M €

}

— —

Calls
1. § s reborn

‘17{\530,( w—bI {¢.5, b
QXTI"M“"__Tag .
{
{ex,c.r)

IF“’N’\{J gCO\) bIC

:a,P Joog ’ (Aw]LmClom émplq)

mm.;;%  eortodl”

“"‘r°‘\‘;“5 ol \)—l_s
f , Ill | ]

Pointer \\

PNLW\E

T aékf' > |insIrel g
ln?"

%““W

1
code.
b“\?

0 < qmojm m £1 dadeflow j\%r[q

= {C.t, 30}(81‘{_

.- S : |MULT
Fuing Ruke

L : |ADD
OP”"J}Z W W/)CPI

= muﬂ»ﬂ( tkens w/ J:ﬁfumt ii(/j;
Mﬁg be preyon'\'

SR

L — )t's Lng, Note

_,_i__.-/ 3‘*5 ratuan v-A.&u.

{
‘ooég

"s" is current instruction,
(Mdfrvj,'m +hat "t" is next instruction
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k is entry point for g.
3. Pass aras context "g" is for this
9 invokation of g().
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Return token could be sent
before completion (not for i < g"k , 6r >
g() though). L

g's computation can begin
before args arrive.
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Can have other R/W protocols

(not Write-Once only)
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Cannot de-allocate while tokens exist in function call for
context i. J
==> Well-behaved graphs No keops
1. initially, no tokens
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