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Agenda

* Why this talk?

* Common metaphors for figures in academic
publications

* Modeling concepts into figures

* Tricks for space tweaking in short articles
* Editing tools for raster & vector graphics
* Conclusion



Why This Talk?

* Researchers focus on writing quality of
papers for better readability.

* Although figures are often a better
means to deliver complex ideas, their
importance is largely ignored by
researchers. Why? - |
xample: Reb—Black tree

* Related techniques are harder to learn. (a)

* Senses of aesthetics are not listed as (b)
must-have in engineering education. They ... C)
simply do not recognize aesthetics. ® ‘

* Motivation: Imagine how you can
describe a binary search tree with a
paragraph of texts or a figure.

http://cs.Imu.edu/~ray/images/redblacktree.png



Intended Audiences

* Main target audiences: graduate students and research
assistants majoring science or engineering

* Other intended audiences: faculties, undergraduate
students, and graduate students in other areas

* Assumptions
* You want to make your papers and reports look better.

* You are not experts in digital typography (or you don’t really
care that).

* You have limited time to take actions.



Conceptual Visual-modeling
Process

* How to convert the concepts in our mind into graphics
and accompanying texts in paper?
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Raster Graphics vs. Vector

Graphics

e Raster graphics (bitmaps) are suitable for
images of experimental environments or
image inputs/outputs for computer vision

studies.

e Raster graﬂhics are good at reproducing delicate *
light and shadow details, but limited by
resolution.

. Typicalgl, no modification of bitmaps is allowed
for academic publications.

* Vector graphics are suitable for most figures,
e.g., system architecture, data structures,
working examples, and program flow
diagrames.

* Vector graphics have unlimited resolution and
smaller file sizes.

* Most academic publications welcome vector
raphics for most figures in manuscripts (except
or experimental environments or image
inputs/outputs for computer vision studies).

* Today we primarily focus on vector graphics. 6

https://en.wikipedia.org/wiki/Image_tracing; http://cs.Imu.edu/~ray/images/redblacktree.png




Tools for Editing Raster & Vector

Graphics

* Raster graphics tools
* Proprietary: Adobe Photoshop, Corel Photo-Paint, Microsoft
PowerPoint, and /| & R
* Free: GIMP, Paint.NET, Krita, and Autodesk Pixl|r

* Vector graphics tools
* Proprietary: Adobe lllustrator, Corel Designer, CorelDraw,
Microsoft PowerPoint, and Canvas
* Free: Inkscape, LibreOffice Draw, FreeMind, Microsoft
Expression, and LaTeXDraw

* Personal recommendation: ((Adobe Illustrator OR

Corel Designer OR CorelDraw) AND PowerPoint)
* Not ad! Why?
* Trial versions available on internet!



Weakness of Each Tool

* PowerPoint: The output vector graphics are
sometimes ugly, especially for complex curves
and shadows!

* CorelDraw and Corel Designer: They have no
intrinsic supports for gradient line colors. We
need to (stupidly) convert lines to areas before
we can apply gradient fills.

* [llustrator: The learning curve is steeper than
other tools.



Visual Memories

* Graphics are hashed then remembered; this is the reason
of déja vu (FLALR ).

* Thus, to impress the readers, graphics must be designed
with very distinct “features.”

* Not necessary but good to have.




Example of “Visual Memories”

The Process of Account Receivable

Book Information

File
Orders
-l Y
A Fy \
Process _ Assemble Shipping
Customer Order OK y Requisition to Order
Order
Warehouse
Credit
Payment F| A Check Order
Assembled «
Customer \4 Shipping
Information File Order Warehouse
ol Book Store Order Details
nvoice hiopin
Si ipping Address i
Ngtice Information
y
2 Publish
— / Assemble i Bdlr g s P Narshouse
Y > < Qrde Shipping Details Yrarchiouse
: \ ' \ —| Customer |y pakails i Shipping
[ Apply Credit | Invoice \ \Orders / T Information
to Invoice Verification /¥ S |
/ \ Order
Details
I "5 Book ~&
invoice / C
Payment ) — Details i
Details Copy - & » ; 4/ Shipping
eLals - .
Verification
Invoice Assemble
Account Creation Shipment Quantity of
Receivable File 4 Book Titles

http://www.conceptdraw.com/samples/resource/images/solutions/business-process-diagrams/BUSINESS-PROCESS-DIAGRAMS-Business-Process-Data-Flow-Diagram.png
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Example of “Visual Memories”
J

{Cont'd)

e Usually there are some compromises...

“Keep it straight” “Maintain a consistent gap”




Distinct Characteristics of
Figures in Academic Publications

« Common paper size: A4 (210xX297 mm) and letter
(8.5X11 in. = 215.9%X279.4 mm)

* The size of in-text figures are 5X7 in. (full width) or
2.3%X3.2 in. (half width). The heights can be changed,
but the widths are limited by 3.2 in. and 7 in.

 Many formal academic publications allow only
greyscale figures. (Thus we need to use metaphors to
provide implications or emphasis.)

* Since papers are normally printed out by laser
printers, the effects that cannot be printed
satisfactorily should not be used, for example,
gradient fills.



Reduce the Signal-to-noise Ratio
(SNR)

* The figure space is limited; the patience and attention
of readers are even more seriously limited.

* We must minimize the details presented on the figures,
so as to maximize the signal-to-noise ratio (SNR) of
the figure and to enhance comprehensiveness.

* For example:

Of course we know that leaf
nodes has both left and right child
pointers to be null. Don’t we?

Information- _¥
less details —

13



Reduce the SNR: Practices

» Use as few Fonts (fonts, typefaces, or sizes) as
possible.

e Use o5 few colors (greyscales) as possible.

e Use metaphors (conventions) to reduce the noises
shown by the figure.
 Show only what are necessary; in other words,
 Remove everything that are not necessary.

* Keep texts in figures as concise as possible.



Control the Flow of “Line of

Sights”

* Each figure must have a
central idea to deliver, e.g., a
flow of programs, hierarchical
system architecture, or linked
data structure.

* |If not, you'd better think again!

* We should not blindly draw
what we have or we want on

Hint: Enhance/
grow/increase ]

with time L]
o

Line of

sights —

Hint: layered PN

the figure; instead, we should 2"°Ntecture s pm

intentionally use (or avoid)
metaphors.
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Hints Implied by Flow Direction

* Directions of flow of line of sights can provide useful
implications to reduce the details of figures.

Hint: Enhance/ Hint: emphasize the
grow/increase O chronological order
w/ time (explicitly specified w/arrow)
L]
]
an & . B an S .
Line of
sights —
1 1
Hint: top-down Hint: emphasize
then bottom-up — the repetitive ] 3
] process
] L] ]
LV -




Good and Bad Examples

Line of
sights???

What metaphors did we use?
1. Brightness

2. Consistency

3. Direction

4. Arrow

Hint: ?

Line of sights

17



Advanced Hints Implied by Flow
Directi

* Please be careful not to overuse such effects. They will
increase the noise!




Hints Implied by Arrows

* Arrows often imply chronological order, (function)
invocation order, or pointers in linked data structures.

e Arrows can reduce the usage of texts (such as
numbering) in figures 2 enhanced SNR ratio.

http://tr4.cbsistatic.com/hub/i/2010/09/03/41fc41c2 -c3ae-11e2 -bc00-02911874 f8¢c8/7223a5dc109aca04746e9e547 £73fdd0/|

System Application
Softwares Softwares
Software - 1 4N l £
| Operating System |
s ™)
Hardware | CPU H RAM H T0o) '
e

hodgesbol .gif; https ://www.tutorialspol int.com/operating_system /images, /conceptual | view.jpg
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Hints Implied by Drawing Style

* Line styles

* Solid line: things that physically exist; stronger relationship. Example:
pointer; bus; communication channel.

* Dotted or dashed line: logical or weaker relationship. Example: function
invocation.

* We do not encourage the use hybrid lines (because it is complex and
contains noises).
* Box styles

* Filled box w/ or w/o solid border: things that physically exist. Example:
nodes in network; main memory; secondary storage.

* Transparent box w/ dashed border: used to group things or create
* We can use hatch fills to replace plain color fills; they are more vivid.

' Components that

Sﬁll’:(ej/ /’ physically exist
’ Components w/ 7

Dotted 0’ Hybrid hatch fills ///%

. L 4 .
||ne’0 ||nex ‘.‘ (——==x
o Groupthingswithiné. o: Le ol

20



Styles Not Preferred by Academic
Publications

* Most academic papers will be printed out by laser
printers and read by readers.

* Effects not printable by laser printers should be
avoided, for example:

 Shadow effects: [:]
e Gradient fills: [:]

* Very thin lines: See next page.



A Bad (Real-world) Example

Page 0 \E{ockAnO
Page 1 g .
Channel O Channel 1 Channel 63
Page 955 —1—8 “Chip 0 Chip 1 Chip 0 Chip 1 Chip 0 Chip 1
Region 0 () e L V(L
(default root region) “#i||| :
Region 1 :
5 === = == == === =
Region 8191
== == = == === =

Total device capacity: 4KBytes/Page * 256Pages/Block *
8192Blocks/Plane * 2Planes/Chip *
2Chips/Channel * 64 Channels/Device = 2TBytes
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Hints Imposed by Fonts

 Different fonts have different characteristics.
* *Times New Roman: classical, formal, old-fashioned
 Arial: modern, younger
e *Chaparral Pro: typewriter-like, with good readability
 Courier New: monospaced, professional, program code
« *Courier New (bold): easiertosee than Courier New
« Century Gothic: elegant and fashioned
: default, soft, moderately casual

« Comic Sans: casual, informal, relaxed, young (not suitable for
formal academic publications; sometimes OK in slides)

(Fonts with * are my personal favorite!)

* Use no more than 2 fonts in the same figure to reduce the
total quantity of information shown by the figure.

* In formal academic publications, there is no bold face in
the main texts; emphasis is done by italicizing the texts.

The case could be different in figures (if we’re careful). 53



Advices of Font Usage

* Use the same fonts as in the manuscript. In case to
highlight the figures, fonts with heavier weights can also be
used.

 Example 1: Times New Roman as manuscript font, and Times
New Roman as figure font.

 Example 2: Times New Roman as manuscript font, and Calibri
(bold) as figure font.

* Do not use casual fonts like Comic Sans in formal papers,
neither in main texts or in figures.

* Use only 1 or 2 font—size combinations in the same figure.

* The size of the fonts of in-text figures should be between
70%—100% of the main texts.

* The texts in figures should be kept short (except for the
cases with good reasons).



The Power of Alignment

* Elements aligned to the same (invisible) straight line
imply that they are related or belong to the same group.

* This is because that human eyes will “complete” things
automatically.

 Example: 227

25



“Auto-completion” of Human
Eyes




The Power of Consistency
(Sameness)

* Elements of the same style (and even size) imply that
they are the same thing or belong to the same class.

* Elements with the same style but different sizes can imply a
closer or farer view of the same instance of the element, if
they are connected through dotted lines or gradient fills.

N =Y B . - P
TR R G 7

A|B|C|D|E|F|G|H Weni B3 o~ o O

— Ber L2 TN

http://img05.tooopen.com/images/20150527/tooopen_sy 126682712132.jpg



The Power of Positioning

* Nearby elements imply that they are related to each
other. In addition, the closer they are in the same figure,
the relationship is implied stronger.

* The same spacing between elements implies consistency.
In contrast, moving some elements to violate this
metaphor provides extra information (no matter
intentionally or unintentionally).




Do It Intentionally

* If we want to do something intentionally, we should try
to let it look so.

(b PR F R PP AR R R Ak
A d F RAHES ¥

AIBICIDJIENlIFIGIH A|BJC|D]|E FIG|H
SAe g A X fo N ; LB e N\ {



Quick Summary of the
Metaphors

* Arrows often imply chronological order, (function)
invocation order, or pointers in linked data structures.

* Elements aligned to the same (invisible) straight line
imply that they are related.

* Elements of the same style (and even size) imply that
they are the same thing or belong to the same class.

* Elements with the same style but different sizes can imply a
closer or farer view of the same instance of the element, if
they are connected through dotted lines or gradient fills.

* Nearby elements imply that they are related to each
other.

* The closer they are in the same figure, the relationship is
implied stronger.



Conversion Among File Formats

* PDF is the de facto standard format for academic
publications. Other popular formats: HTML and
DOC/DOCX.

* As we use LaTeX or Word to write papers, the
supported figure formats are different:

* Word supports (raster) GIF, PNG, JPEG, TIFF, BMP; (vector)
WMF, EMF, EPS.

e LaTeX (with latex—dvips—ps2pdf tool chain) supports only
EPS.

* LaTeX (with pdflatex tool chain) supports JPG, PNG, PDF, and
EPS (included epstopdf package).

* To minimize “missing font” problems, we suggest that
fonts are converted to curve before inserted to the
manuscript. This is a common problem reported by
IEEE PDF Checker.



Case Study 1

(c) After updating data item 15 again

Fig. 2. The motivational example.

Logical View } Physical View Logical View : Physical VieIeC hn Ique:
I ’ : . .
<10,1,* A> I R <10,1,",A'> I H Igh I Ight th e
| I
<45,1,",8> , <45,1,*,8> : changed part!
| I
A B [ Block 1 Block 2 Block 3 A B I Block 1 Block 2 Block 3
| |
<10,1,2,Py0> | |<45:L4.P13>| | Pyo| Ot0a Poo| O7s1 Psol R <10,1,2,P10>| [<45,L4,P15> | Pyg| Ot01| Pag| O7sa P:,.o%
<10,2,*,P, > | [<45,4,% P23> : Pyl 0154 P2.1] 0102 Pas $10:47Pup] [S54 R : Pi1| 0151 P21] 0102 P3| 0156
<15,1,%,Py;>| |<65,1,%,Pys> | | P3| O304 P22| 0303 P, <15,1,6,Py ;> | [<65,1,%,Pys> | Pi2| 0304 P22 | Q303 Pia| A’
| ‘ I
<30,1,3,P12>| [<70,1,%,Prs>| | Pya| Oas1 | P23| Osss | Py, <30,1,3,Py2>[ |<70,1,°Pis>[ | Py3| Ousq | Pas|Ouss Pss| R’
<30,3,5,P2>( |<75,1,* P, 0> : Pia| Oss1 | Pya| A P <30,3,5,P,> | [<75,1,%,P;0> : Pia| Oess | Pasly / 2y
I Pis| 0701 | P2s| B Pas <15,6,%,Py,> | Pis| 071 | Pas| B Pis
| ) |
| [
(a) Initial state (b) After updating data item 15
ical Vi ; .
Logical View | Physical View @ el page
R" | <10,1,7,A"> :
<45,1,7,8'> | [: Dead page
<10,7,%,C> :
<65,7,%,D> | C] Free page
|
A" B’ C D : Block 1 Block 2 Block 3 Block 4
<10,1,2,P1 0> | [<45,1,4,P, 5> | [<10,7,%,P,,>| | <65,7,%,P; s> : Pyo| Ot01 P,o| 9751 P3ol/ ‘A Pago B’
<10,2,7,P;1> | |<45,4,7,P,5>| [<15,2,%,P;4>| | <70,7,%,Py s> | Pyaq| 0151 Ps1| Otz Ps1| os6 | Psy| C
<1S;1.6,P1,1> <65,1,7,P1'4> <05,7,',P;,;> <7517-‘!P3.0> : P1,2 0301 P?,? 030'3 P3.2 /ﬂ/ P4‘2 D
<30,1,3,P, > | | <70,1,7,Py s> : Pys| 051 | Pas| Ossa Psst, 7] Pus| R
<30,3,5,P2’2> (75,1,7,P;_0> | P1_4 Oes, 1 P2_4 /// Ps*" 0157 P4.4
<15'6’7'Pl'l> : P1>5 070.1 PZ.S /;// P3,5 A" P4.5
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Case Study 2

Technigue: Beware of the
line width to be around the
same as text or a bit thicker.

O Allocate Q Allocate Q
Live Free Live Free

Out-of-place

Version update Block Data
split ( gg ) update (ngk)
Purge P
Technique: Use white border to highlight . /

(a) Index page states ) Data page states

Fig. 3. State transition of flash pages.

33



Case Study 3

gata versions witf;) |

v, ending version number

Vi, Vit |

vivie) smaller than v, I [Vis1, +)
I

(a) An illustration of purging an index with purging version
number vy, ()

Technique: Do
not use color.

Block 1 Block 2 Block 3 Block 4

[ |Freepage
[ ]Dead page
B (nvalid page

(b) Physical layout after executing Q(—o0, vy, *)
34

Fig. 4. An illustration of the purging-range query Q (v, vy, *).



Case Study 4

{Bo, B4, By, ..

Total number of
y blocks is larger
than T.-mrmm’ = Afree |

{B21, Bas, ...}

{B21, Bas}

{B2o, B2o, ...

}

Fig. 5. An illustration of PBL of the index tree.

—3
Version page

sequential placement

E— —1
Index page Free page

Fig. 6. An illustration of SQ.

Free Block Pool

1{B20, B21, B2z, ...}

ascending wear level number

™

>

The free block
for storing the
next version
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Case Study 5

descending update frequency

older younger
- —>
| the present data
S | blocks for each
- | category
' Technique: The line
width is too thin.
St

the present
index block

Fig. 8. An illustration of FBP.
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Case Study 6

File Systems (e.g., NTFS and EXT3)

~ Flash Devices
- Flash Translation Layer

1
!

g Allocator

Address || Hot/Cold
Translation}|Separation

¢ 4

Garbage Collector || yv7aap
Victim || Live-page |} T oveler
Selection || Copying |

Technique: Do not use
shadowing effect.

&
>
*

.
st

:

L/-r 0‘. 1 - | .
-~ Live-Page Flash Chips
% m‘ LOopyIing-
f pEjEnEEEnEmg "drna,, F
77/ *[EREE - 3 Valid

Hot Data Area

FREE] Free

Invalid
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Case Study 7

| "> write order Chip0 Chipl Chip2 Chip3
Chlpo An"""‘Af"'"")AQ Bn
! AQ Bl CQ Cﬂ’ B] B? B':; B4
VA B, Ay Dy, | ... Ch Ay A Ay
VA, B. (| A || D, Cy’ D, D, D,

Bj B, A’ D, Block 0| | Block O | | Block 0| | Block 0

Block 0 Block 1 Block 2 Block 3 : : : :
No Live-Page Copying At least two Live-Page Copyings
(a) Single Chip Architecture (b) Multiple Chip Architecture

Fig. 2.  An example of the potential conflict between the two development
trends (i.e., hot/cold separation and multi-chip architecture).
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Case Study 8

Locality

----------

__________

___________

T N

_________

_________

Packing

Requests

-----

A

Block :

----------

__________

-——— -

Parallelism

>

Raw Flash Chips

-=logical
— physical

Requests
write
ﬁ' read
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Case Study 9

2

Requests

Fig. 5.

Hot @J
Ipn: 372
len: 2
H/C
Separation

The design of logical data packing.

(H.2) Transform
logical page number (Ipn)
into logical range (Ir)

Ir = Ipn/SIZE

SIZE, : Size of a
Logical Range
(e.g., 4MB~16MB)

(H.3) Lookup
hash-based
locality table(s)

Hash-based
Locality

Table(s)

(1) Separate hot data from cold data
Note: the predefined threshold is 16 KB

cota [l

Ipn: 576 len: 6

(H.4) Spread out hot data into suitable blocks
with the most locality similarity

Chip 0 Chip 1 Chip 2 Chip 3
(Idle) (Busy) (Idle) (Busy)
LT T
372 i i i
i
i
1 ] i :
373

(C.2) Stripe cold data into flash chips directly

——
1
1
1
1
1
|}

Packing
Area

]
I
]
1
1
!

smad
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Case Study 10

DBMS

Transaction Manager

DBMS

DBMS

A

Y

Transaction Manager

Transaction Manager

A
Y

A
Y

Flash Translation Layer

DB Translation Layer

BbMVBT

A
Y

Flash Translation Layer

Multi-version Index

_| Garbage

MTD Layer

A
Y

Version Array

A

"1 Collector

A
Y

MTD Layer

~
Y

Flash Memory

A
h 4

Layer

A
Y

(a) Direct adoption

Flash Memory

Flash Memory

(b) Layered design

(c) Flash-aware design (our design)
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Case Study 11

R [ <10,1,%,A>

| <45,1,* B>
A {luxlx*xpl.ﬂ'} B <45r11':F2,ﬁ}
. {1511’**[:1;3}. <55,1,* P3 o>
| ‘:25,1,*,P1_ﬁ;" | {55"1}'!'}3_3}
- <30,1,*%,Pap> | <70,1,* P3¢> r' | <10,1,%A™>
| <35,1,* P;3> | <75,1,* Pyo> <45,1,%,B>
{Sﬂflitip-ﬂ 3}
A 'r::]":.‘ifj'rd’fF'.‘].,I]:’II B {45; 1! *J PE,E}
| {15111*1P1,3} | | {55111*:!]31‘]}
{25’.11;*4':1.5} {55:11*1P3.3}
: P20 ! P30 ! Pao ! <30,1,%,P; o> <70,1,*,P35>
| P2a || Psa | | Pax | | <35,1,%,P; > <75,1,% Pyp>
] P22 | Piz | Faz | <10,4,*,Py s> <80,1,*% P, 3>
| P2,3 | F3,3 | P.qrg |
I P24 ' P34 ' Pag '
: Pas ' P3s [ Pas [
I Ez.s I Es,a 1 ﬁa,ﬁ I
I 2,7 I 3,7 I 4,7 I = ! P, I P |
| Pas | P3g | Pas | F’t? : F:,': . P?; \
: P29 ' P3so : Pag : P12 | P22 | P32 |
P13 [ P23 I P33 [
P1a ' Pza ' P3a '
Pis .r Pas ! Pis .r
Pis I Pas I P3s 1
P17 | P27 | P37 |
Pre ' Pas | Pis |
Pia ' Paso '. P3s '
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Case Study 12

S - —o— MVBT 5 5 O
. / —2—BbMVBT (c.= 2)
> | —— BbMVBT (c = 4)
= 4 —%— BbMVBT (c,= 6)
z —v— BbMVBT (c,= 8)
2 — / N VA /N VAN
14, + : + :
| = o— 2 < %
| ' | | | | |
400 600 800 1000 1200 1400
(a) ANNW vs. # of data items
0.25 -
4 O {3 T+ —{] —{3 {
0.20 -
. ]
£ 0.15
< .
0104 & AN AN — N AN A
005 = -1 \1/ %/ }
1% & e & & %
0-00 l T l L) l L) l L) I l
400 600 800 1000 1200 1400
(b) ANS vs. # of data items 43



Case Study 13

Application 1 || Application 2

Application n

fwrite (file, data) | ! !
Operating Systems API Host
! File Systems (e.g., DOS FAT, NTFS, EXT2)
Flash Translation Layer !
[ Address Trgnslation/ ’ ( Wear-Leveling ]

Block Asmgnmen’[¢ 7 Flash
[ Garbage Collection ] %gi?f:

flash write (chip, block, page) | | (e.g.,
Memory Technology Device Layer elg/lsl\]ggl,

control single

Y

Flash Memory

L4



Case Study 14

File Systems (e.g., DOS FAT, NTFS, EXT2)

T 1/0 Request

Flash Translation Layer l

Victim Block Selection
Request Filter
File System Identifier Garbage Manager

1 I

(Block Assignment) :
Wear-Leveler

Address Translator [«—| Garbage COHGCtOI;

I/0O Request |

Y

Memory Technology Device Layer
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Case Study 15

| Reserved | Recycle Bin 0 .l
| _Region “Information of*s IPT
1 :
Block \. a block regior_l‘,c' 511 Indexes 15E
Region 0 | ]
Block 3 PTs | 0 | 1pCs
Region | Indexes
4
5
6
7| vreneee- R
 Information of "y,
*.a block region, /
ﬂ
H
\ » Information of ™,

\ \. a block region ,’

--------------

Flash memory Reserved Region RAM



Case Study 16

ca: #dirty
previous node next node IPTs

left child right child

(a) The node structure

(b) The LRU-AVL tree
Head Tail

(¢) The corresponding LRU list 47



Case Study 17

<1;# of dirty nodes
e it 74 128

.10

— e

: |0
Invalid Page Tably

(a) Invalided page 576201

Invalid Page Table)

(c) Invalided page 576300

 # of dirty nodes |
74 82 128)
J11...101...10
!
A101...011...10

Invalid Pag

e Table/

(b) Invalided page 576209

(d) Committing all node
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Case Study 18

o h o 128
l 1) 127

o o 371126

o | 0 |1

3 Global

AQq Counter

o 128V 2 0 /:5’/ 3 0 Array

= 127] 0 0 | Y17 0 0

Q 17 1

2126 0 | 1] | O 10 A

R . . : . .

§ 1 0 0 0 0 0

RS 0 1 2 1022 1023

3+

Counter Array of Each Block Region



Case Study 19

Host

Interface

Device

Operating File Sé/stem
system
l Device driver
Request: read, write, trim...l7
EEEEEEEEEESR } /Ill.ll'l.l..l'll.llll.llII.IIII.:‘I.
[ - FIL Address
Flash translator Garbage
storage collector
device S v

~Flash memory \ﬂ'f /
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Case Study 20

: . . SRAM
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Fig. 13. The cost for exact-match queries in SEMI.
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