CSl84a:
Computer Architecture
(Structures and Organization)

Day14. November 10, 2000
Switching

Caltech CS184a Fall2000 -- DeHon

Previoudy

Role and Requirements for Interconnect
Understood interconnect structure in terms
of recursive bisection

—e.g. Rent’s Rule, Hierarchical Interconnect
Using all necessary wires optimally

— O(n%) growth

Raised the question of mesh channel growth

— W grow asn?
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Today

» Switching Requirements
— usewires
— reduce switching costs
— alow routing

e Mesh Interconnect
» Flavor of Switch Timing
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Hierarchical

» Previoudly, focussed on wires

» What do switch boxes need to ook like to
use the wires?

Caltech CS184a Fall2000 -- DeHon




Straight-forward Case

w

 Build Crosshars '

e Switches:

— Waw,
— Waw,

— W aw,
— Total: 2(w,aw, )+w,aw,
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Can we do better?

 Crossbar too powerful ?
— Does the specific down channel matter?

* What do we want to do?
— Connect to any channel on lower level

— Choose a subset of wires from upper level
* order not important
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N choose K

» Exploit freedom to depopulate switchbox
» Can do with:
— K(N-K+1) swtiches

PP 0
OO —
Fa v WanWa C
A\ 7Y 7N~y R
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Crossover?
» Specific channel not matter on crossover,
either
» But tricky

* Need to guarantee:

— any subset free on left can be connected to free
subset on right

— can be done in w,%/2
— for large w,/w,,, can be done with existing
connections
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Switching Costs

» How many switches total ?
— What is the switch growth with N?

* How much delay?
— How does switch delay grow with N?
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Switch Delay

» Switch Delay: 2 10g,(Nieo)
— Ny = Smallest subtree containing source and
sink
— Worst Case: Ny =N
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Switch Area

w,=2° w,

Nsb(l)=(2" 2° +1) w2
N(1)=N/2

w, (1)=c(2)?

Total =S N(I)*Nsb(l)

Tota puS (N/ 2) ((2)P)?
Total i N [S (1+2/2%P+...)]
e Total PN
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Routing

 Trivial and guaranteed

—assuming don’t exceed channel capacities

— according to the way we just designed the
switch boxes

» Start at root switch box:

— route subset to each side (k of m guarantee)

— start crossover routes here
* (space on sides and subset connect guaranteed)

— recurse on left and right subtrees
o & Essentially linear in number of switches .




Caltech CS184a Fall2000 -- DeHon

Mesh
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Mesh Channels

e Lower Bound on w?

» Bisection Bandwidth

— goes as cNP %
— ON channelsin bisection
—w 3 cNP/ON = cNP-05 %

Straight-forward Switching
Requirements

» Total Switches?

« Switching Delay?

&
i




Switch Delay

« Switching Delay: 2 O(N

— worst case: Ngparay = N

subarray)
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Tota Switches

Switches per switchbox:
— 43w~ w = 12w?2
Switches into network:
—(K+1) w

Switches per PE:

— 12w2 +(K+1) w

—W3= CNp—O.S

— Total pN2-1

Total Switches: N* Sw/PE puN?
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Routability?

» Asking if you can route in a given channel

widthis:
— NP-complete
Caltech CS184a Fall2000 -- DeHon 19
Meshes and Trees
Caltech CS184a Fall2000 -- DeHon 20

10



Consider Full Population Tree
2l |
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Can Fold Up
[] | i |
[] Wl
[] sl
[] W
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Gives Uniform Channels

Works nicely
p=0.5

[ Greenberg and
Leiserson,

Appl. Math Lett.
v1ln2pl71, 1988]
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How wide are channels?

W = [w(l) + w(l-1)]/ON

+ [w(l-2) +w(1-3)]/O(N/4)+...
wy, (1)=c(2')P
Share across ~ 2(/2)
W =cNPOS(1+ 205/2P + 22705[220 + )
W L NPOS (p>0.5)
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|mplications?

» On Mesh:

— Upper bound on channel width
* (assuming full population interconnect)
» for something characterized by Rent’s Rule c,p
* can use folded hierarchical routing
W M NP-0.5
» Same as lower bound, different constant

* On Hierarchical:
— with this layourt:
— channels within constant factor of mesh
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Channel Width vs. CnP (max Rent
parameters)

o= 0 G548

y=.5546x
R2=.828

Sour ce: Elaine Ou
SURF summer 2000

o L] Am 60 aw 1000 1200
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What’ s Different?
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What’ s Different?

Logical and physical closeness
— with shortcuts, tree has
Switches in Path

—~ONvs. logN
* depends on how interpret switching nodes

Mesh connect directly to any channel

Hierarchical must to climb tree

— part of how it managesto traverse only log
switches
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1000 ¢

Rent parameters from alarge circuit

Rent Curvefit to Max Schedule

100 -

- Post mesh layout hierarchy
= vS. netlist recursive bisection
10 :—
Sour ce: Elaine Ou
SURF summer 2000 HSRAppr
EPP —
' 1 10 1';;0 :LOIOO Ly
partition size
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Depopulation
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Traditional Mesh Population

» Switchbox

contains only

alinear

number of

channel width

— BW VS.
— 12w?

switchesin

—] et R ehdy ree Tt
m f TP rL“ ml ﬁ
ey oy
4o | o | PPooh v H O |
BBty
-1 Mt D —_____F
T T | [ ] A - T
r 1 farWacWan r I
| I e |
4 — 7 b — L —
| 5 HHp 5 5
| Q [ - W W - | (@] I =
| I A |
ey
i EHEO o
P O W Y P D0 W W 1P D% W OV Y
ks s s s ol ks s s s TS
Ly b oy b Lehy by ol b b o b
CHp O oD, \iraraN RN
Ieh A b A P e Iy o A A
TN [ A A A T A AL
s W Wl bl ¥ W Wl
b d b add badd
FinWaiWary = Dheh = FiaWu Wiy |
A T T U A S U A T e Tl U
ahehl ' T il ' T | =
L bl G
B--eh FanlauWdnt FanWanlant
Cratral T 7 orgarar] vl T L
—] T Fa W W o
! o
&ha
- v i Q | L fu._._
1 || FauWauWintl]
1T 1=—1— o
o
- .l ! =X
T = P = |“ m._._m
BBty
o ,F 35 ! 35 | -
P WAL
I — Y —! 1
Fa W Wi i
L o e ol e

Caltech CS184a Fall2000 -- DeHon

Diamond Switch

 Typical switchbox pattern:

since cannot use all wires
— for mesh: this was already true...now more so
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— may need more wires than implied by Rent,

« Many less switches, but cannot guarantee
will be ableto use al the wires




Domain Structure

 Once enter Ok &x Ok
network (choose Yo AZ RS
color) canonly [}— - ]
switch within O & &
: > 5 &
domain © & &
[ [ 1
2N Painy N
\//\ \//\ \/I\
\//\ \//\ \//\
N NS N
[+ . 1
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Universal SwitchBox

» Same number of switches as diamond
 Locally: can guarantee to satisfy any set of
requests
— request = direction through swhbox
— aslong as meet channel capacities

— and order on all channelsirrelevant N

— can satisfy N
» Not aglobal property <\ />

— no guarantees between swhoxes < V4 \>
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| nter-Switchbox Constraints

e Channels
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can'’t route
(or rotations)
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Mapping Ratio?

e How badisit?
* How much wider do channels have to be?

» Mapping Ratio:
— detail channel width required / global ch width
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Mapping Ratio

« Empirical:
— Seems plausible, constant in practice

— anecdotal/published data usually has mapping
ratio< 1.5

— Elaine’ s data was detail
* supports CMR model

» Theory/provable;
— Thereis no Constant Mapping Ratio
— can be arbitrarily large!
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Switching Requirements

 Linear Population Mesh

» Assuming a constant mapping ratio
» Sw/swbox = 6w

o sW/LUT = (K+6+1)w

° WL NP-0.5

o SW/LUT NPOS

» Total SwitchesW 1 NP*05 < NP

» Switches grow slower than wires
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Checking Constants:

Full Population
» Wirepitch =8|
» switch area= 25001 2
e wirearea: (8w)?
e switch area: 12”7 2500 w?

o effective wire pitch:
- 1741
A ~20 times pitch

Caltech CS184a Fall2000 -- DeHon
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Checking Constants

Wire pitch = 8l

switch area= 2500 | 2
wire area: (8w)?
switch area: 6~ 2500 w

* Crossover AN
—W=2347? Y
— (practice smaller) <\ 4 >
Z N
A\ 4
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Practica

« Since wires aren’t dominating
— under this cost model
— when both grow at same asymptote

» Can afford to not use some wires perfectly
— to reduce switches

 Just showed:

— would take 20x Mapping Ratio for linear
population to take same area as full population
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Routability

« Domain Routing is NP-Complete
— can reduce coloring problem to domain

selection

— (another reason routers are slow)
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Segmentation
. V94 ><X
 Toimprove speed %1% 2
RNl 4 & dTdd
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» Reduces switches

on path
 May get

fragmentation

e Another
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VS.

Mesh with Hierarchy
Fold-and-Squash Tree?

> ;
L, ¥

p X LTX QE
FaWauWat H
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Depopulation in Tree
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Linear Population in Tree

« Similar Strategy e HEERRH
* 3-way switch boxes EEL
— T: 3w (5w w/ short) e o
— Pi: 5w (9w w/ short)
BrEoHW groeem
ST L ST
G B
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Linear Population

» Will also have a Mapping Ratio
—atleast 1.50n T stages | |

I
I
l
I

« Butisit aconstant mapping ratio?
— Have not been able to prove
— some evidence worksin practice
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Switching Requirements
Linear Population
» Key thing to note:
— asgo up thetree
— half as many switchboxes
— with (asymptotically) 2P more channels
— O(w) switches per channel
— S0 2P/2 less total switches at each stage
— ...Simple geometric regression
» Total number of switchesislinear in N
— compare everything else growing faster than N
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Checking Constants

e 1024 PEs, p=0.67
— shown to scale Again:
worth wasting
some wires to
reduce switch
growth

Quadratic/perfect
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Fold and Squash Layout

e uﬁa% @ B @ E @ B @@

Bl Kigtiiites @ ]

] o

?ﬁ %‘ﬁ 1o L]

%EEEEE@ %%

Caveat: may only work
conveniently w/ p=0.5

Ehd® Ehdd
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Fold and Squash Layout

Caltech CS184a Fall2000
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Folding

55

ing

Fold
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Folding

57
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Folding

o b HEES 5 ©
oo
bllecvivolis
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Folding Invariants
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Compact Folded Layout

« Can contain switches |4 3] |47 & |4 =157 %
to constant area .
_ _ Al [ [aAla [ ]
* Wiresstill grow faster 1
than linear ATA AT LA A T
« Can use extrawire Bl i e e A i e | |
Ia_yers to accommodate STFIE T 14 ﬂ: Fie
wire growth IS i=iin T e
* (whereas switches not B gf
helped by additional |47 [ || [|«7] |47 [4) |4 |9
wire layers) 417 4 (% |4 & |4 [
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Switching and Delay
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Delay through Switching

-+= segmentlen 1, N, =10
—  rebuffer/lb, N_,=10

wire )
i ——  wire, rebuffered | -°

N L 06MMCMOS

N T T N T O Y
0
0 4 8 121620242832364044 48 525660 64

http://www.cs._.berkeley.edu/~amd/CS294/notes/dayl4/dayl4._html
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Big Ideas
[MSB |deas]

Cannot ignore switches

area or delay

Switch population for guaranteed route

O(N2r)
like wires, but in CMOS switches larger

Similarities of Hierarchica and Mesh

esh w grow as NP-05
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Big Ideas
[MSB |deas]

» Switchbox depopulation

— save considerably on area (delay)

— will waste wires

— routing no longer guaranteed

— routing becomes NP-compl ete
 Hierarchical/bypass routes

— can reduce switching delay

— costs more wires (fragmentation of wires)
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