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DESIGN GUIDE

This PowerPoint 2007 template produces an A0 

presentation poster. You can use it to create your 

research poster and save valuable time placing titles, 

subtitles, text, and graphics. 

We provide a series of online tutorials that will guide 

you through the poster design process and answer your 

poster production questions. To view our template 

tutorials, go online to PosterPresentations.com and 

click on HELP DESK.

When you are ready to print your poster, go online to 

PosterPresentations.com

Need assistance? Call us at 1.510.649.3001

QUICK START

Zoom in and out
 As you work on your poster zoom in and out to 

the level that is more comfortable to you. Go 

to VIEW > ZOOM.

Title, Authors, and Affiliations
Start designing your poster by adding the title, the names of 

the authors, and the affiliated institutions. You can type or 

paste text into the provided boxes. The template will 

automatically adjust the size of your text to fit the title box. 

You can manually override this feature and change the size of 

your text. 

TIP: The font size of your title should be bigger than your 

name(s) and institution name(s).

Adding Logos / Seals
Most often, logos are added on each side of the title. You can 

insert a logo by dragging and dropping it from your desktop, 

copy and paste or by going to INSERT > PICTURES. Logos 

taken from web sites are likely to be low quality when 

printed. Zoom it at 100% to see what the logo will look like 

on the final poster and make any necessary adjustments.  

TIP: See if your school’s logo is available on our free poster 

templates page.

Photographs / Graphics
You can add images by dragging and dropping from your 

desktop, copy and paste, or by going to INSERT > PICTURES. 

Resize images proportionally by holding down the SHIFT key 

and dragging one of the corner handles. For a professional-

looking poster, do not distort your images by enlarging them 

disproportionally.

Image Quality Check
Zoom in and look at your images at 100% magnification. If 

they look good they will print well. 
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QUICK START (cont. )

How to change the template color theme
You can easily change the color theme of your poster by going 

to the DESIGN menu, click on COLORS, and choose the color 

theme of your choice. You can also create your own color 

theme.

You can also manually change the color of your background by 

going to VIEW > SLIDE MASTER.  After you finish working on 

the master be sure to go to VIEW > NORMAL to continue 

working on your poster.

How to add Text
The template comes with a number of pre-

formatted placeholders for headers and 

text blocks. You can add more blocks by 

copying and pasting the existing ones or by 

adding a text box from the HOME menu. 

 Text size
Adjust the size of your text based on how much content you 

have to present. 

The default template text offers a good starting point. Follow 

the conference requirements.

How to add Tables
To add a table from scratch go to the INSERT menu 

and click on TABLE. A drop-down box will help you 

select rows and columns. 

You can also copy and a paste a table from Word or another 

PowerPoint document. A pasted table may need to be re-

formatted by RIGHT-CLICK > FORMAT SHAPE, TEXT BOX, 

Margins.

Graphs / Charts
You can simply copy and paste charts and graphs from Excel 

or Word. Some reformatting may be required depending on 

how the original document has been created.

How to change the column configuration
RIGHT-CLICK on the poster background and select LAYOUT to 

see the column options available for this template. The 

poster columns can also be customized on the Master. VIEW > 

MASTER.

How to remove the info bars
If you are working in PowerPoint for Windows and have 

finished your poster, save as PDF and the bars will not be 

included. You can also delete them by going to VIEW > 

MASTER. On the Mac adjust the Page-Setup to match the 

Page-Setup in PowerPoint before you create a PDF. You can 

also delete them from the Slide Master.

Save your work
Save your template as a PowerPoint document. For printing, 

save as PowerPoint or “Print-quality” PDF.

Print your poster
When you are ready to have your poster printed go online to 

PosterPresentations.com and click on the “Order Your Poster” 

button. Choose the poster type the best suits your needs and 

submit your order. If you submit a PowerPoint document you 

will be receiving a PDF proof for your approval prior to 

printing. If your order is placed and paid for before noon, 

Pacific, Monday through Friday, your order will ship out that 

same day. Next day, Second day, Third day, and Free Ground 

services are offered. Go to PosterPresentations.com for more 

information.
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Sublinear matching

Given: query access to undirected graph
Goal: estimate size of maximum matching

Want:

• Runtime: 𝑛2−Ω(1)

• High approximation ratio
Can’t find edges of a large matching

in sublinear time [Parnas, Ron 07]
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[SODA 23]

Bhattacharya, Kiss, 
Saranurak [FOCS 23]

Parnas, Ron [TCS 07]
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Behnezhad, Roghani, Rubinstein [STOC 23]

𝑛1.5

Behnezhad, Roghani, 
Rubinstein [FOCS 23]
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Roghani, 
Rubinstein 
[STOC 24]

0.51

this work

𝜀 ≈ 2−280

Chen, Kannan, 
Khanna [ICALP 20]

𝜖

Kapralov,
Mitrović, Norouzi-Fard, Tardos [SODA 20]

𝑛2

1

read entire graph

Our result:
• given adjacency list access, multiplicative 0.5109-apx
• given adjacency matrix access, multiplicative-additive (0.5109, 𝑜 𝑛 )-apx
in time ෨𝑂 𝑛1.5 with high probability

Two-pass semi-streaming algorithm
that we want to simulate...

Prior to our work,
best existing 
algorithms were
• very close to

𝑛2 runtime
• or very close to 

1

2
-apx

[Konrad, Naidu 21]

Think 𝑏 = 2

Optimizing 𝑏, this obtains

2 − 2 ≈ 0.585-

approximation

Pass 1: construct maximal matching 𝑀

Pass 2: augment 𝑴: construct maximal b-matching 𝐵 between 
matched and unmatched vertices. Capacity of matched 
vertices is 1, capacity of unmatched vertices is 𝑏.

Return maximum matching in 𝑀 ∪ 𝐵

Crucial tool for us:

oracle that,
for a vertex 𝑣,
says whether 𝑣 ∈ 𝑀
in time 𝑂(𝑑)

𝑀: fixed (random greedy)
maximal matching
(RGMM)

𝑀

𝐵

𝑂𝑃𝑇

...but we can’t compute 𝑴

Challenge 1:
we cannot materialize a maximal matching in sublinear time

Idea: we instead use the RGMM oracle of [Behnezhad 21]
to ask whether a vertex is matched or not.
This takes time 𝑂 𝑑 where 𝑑 = average degree.

Then, we again use [Behnezhad 21] oracle for the b-
matching. When seeing edge 𝑒, to check whether 𝑒 is 
between matched and unmatched vertex,
it invokes the inner oracle.

inner 
oracle

outer 
oracle

Challenge 2:
runtime = 𝑂 𝑑 inner oracle calls = 𝑂 𝑑 ⋅ 𝑂(𝑑) = 𝑂 𝑛2

We instead start by sparsifying the graph
and materialize a matching 𝑀
that is maximal in the subsampled subgraph:

𝑀 ≔ ∅
For 𝑣 ∈ 𝑉:

sample ෨𝑂( 𝑛) random neighbors
for sampled 𝑤:

add (𝑣, 𝑤) to 𝑀 if possible

Now: unmatched graph 𝐺′ = 𝐺[𝑉 ∖ 𝑉 𝑀 ] has degree ≤ 𝑛 w.h.p.

Now 𝑀: some non-maximal matching in 𝐺 (with 𝑂 1 -time access)

takes 
time 
෩𝑶 𝒏 𝒏

Next, we extend 𝑀 to maximal matching 𝑀 ∪𝑀′

where 𝑀′ will be accessed via inner oracle.

And try to augment 𝑀 ∪𝑀′ with a b-matching...

inner 
oracle

But still,
avg degree between 𝑀 ∪𝑀′ and complement can be 𝑂 𝑛 ,
so we would still be at 𝑂 𝑛2 in worst case

Our algorithm

Take 𝑀 as-is, and augment only 𝑀′

(by finding b-matching 𝐵1)

This way, both oracles operate inside 𝐺′
which is low-degree

OR
Augment only 𝑀
(by finding b-matching 𝐵2)

Only one oracle, because 𝑀 is materialized 
(can check if vertex is matched in 𝑂 1 time)

For apx ratio, think of case when 𝑀 ∪𝑀′ is only a 
1

2
-apx

Apx ratio:

We get solution size ≈

𝑀 + 2 − 2 ⋅ 2|𝑀′|

Good if |𝑀′| large

Balancing left & right
gives 0.5109-apx

Apx ratio:

We get solution size ≈

2 − 2 ⋅ 2|𝑀|

Good if |𝑀| large

Balancing left & right
gives 0.5109-apx

So runtime of right leg 
simply ≤ 𝑂 𝑛

Remains to analyze 
runtime of left leg:

Seemingly,
𝑂( 𝑛) outer oracle calls × 𝑂( 𝑛) inner oracle calls

= 𝑂 𝑛 runtime...
if we had access to adjacency list of 𝐺′ = 𝐺[𝑉 ∖ 𝑉 𝑀 ].

Key property 1 of RGMM oracle:
at each step, it needs a random neighbor of some vertex

Retrieving full adjacency list of a vertex costs 𝑂 𝑛 .
So we’re back to 𝑂 𝑛2 ?

Challenge 3: But we don’t.

Expected number of samples from adjacency list of 𝑣 in 𝐺
to get neighbor in 𝐺′ is at most ൗ

𝑛
𝑑𝐺′(𝑣)

so if we had all degrees in 𝐺′ equal to 𝑑,
then: 𝑂 𝑑 ⋅ 𝑂 𝑑 ⋅ 𝑂 Τ𝑛 𝑑 = 𝑂 𝑛𝑑 = 𝑂(𝑛 𝑛), great. 

outer inner overhead

Challenge 4: But what if some 𝑑𝐺′(𝑣) is small?

(Then overhead is 𝑂 𝑛 , so we’re back to 𝑂(𝑛2)?)

Key property 2 of RGMM oracle:
it visits every vertex proportionally to its degree

[Mahabadi, Roghani, Vakilian, Tarnawski 25]

So the total runtime finally looks like:

𝑛 ⋅෍

𝑣

𝑑𝐺′ 𝑣

𝑛
⋅

𝑛

𝑑𝐺′ 𝑣
= 𝑛 ⋅ 𝑛
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