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.=. Motivation
[

e Computer-aided design and computer-aided engineering
software such as Solidworks allow the user to model 2D
and 3D structures by providing a series of parameters.
Sandbox video games such as Minecraft enable users to
build 3D structures out of cubes. Neither of these program
allow the user to solve a structural program. This is where
Blox comes in.

e Given a set of resources and a mapping of constraints on
those resources, Blox can be used to output the set of all
possible solutions that conform to those mappings in the
Additive Manufacturing File format (AMF). The generated
.amf file is 3D printable, allowing for further enhancements
in any compatible modeling program, or it can be directly
printed in any compatible printer.



Archltectu re

Saource Code

blox Parser

: Analyzer

e Scanner: Character Stream — Token Stream
e Parser: Token Stream — Abstract Syntax Tree (AST)
e Analyzer: AST — A Semantically Checked AST

e Executor: Contains the underlying code for:
o The functions our language provides for the programmer’s
use
o Checking the validity of the programmer’s use

e Generator: Generates an .amf file based on the frame the programmer
wants to be printed




|=. Language Tutorial
]

e Blox is very beginner-friendly with a syntax similar to C
and Java.

e The programmer can make use of primitive data types (int,
float, string, bool), aggregate data types (array), and loops
(for, while) for a smooth programming experience.

e Programmer-defined functions are an unrequired but
optional aspect of our language.

e Like in C, the "main” function is the designated entry point
of the program and is called at program startup.



|=. Language Example 1
[

int main ()

o4

1

2

3 [* PEifL Steing, i8t, Float, Beel */
4 print("hello") ;

5 print{10) ;

6 prointe10.5) 2

i print (true) ;

8 print (false) ;

9

Our inbuilt print function automatically detects the
primitive type, which it then streams to standard output.



-=. Language Example 2
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/* Global frame declarations */
Frame<?,1,1> twox;
Frame<l,5,1> fivey;
Frame<46,5,1> base;

/* Global frame assignment */
Frame H = fivey;

int main ()
& {
/* Local face declarations */
Face<l 3,1, E» £1;
Fape<l 3,1 W= £2;
Face<l ,1,1 ,W>» £3;
Face<3,3;1,;,FE> T4
Facesl 1 1,.F> £5H;
Fare<l 1,1, B> £6;

/* Join calls */

Join(H, fl, twox, f£3);
Join(H, £4., Fivey, £2);
Join(base, f5, H, £6);

/* Convert eall */

Convert (base) ;

e Let’s call this short program
“H.” As is, the generated
.amf file would produce the
letter ‘H’ on a base with the
dimensions 46x5x1.

e The .amf file and model can
be found in the following
slides.

o Spaces and comments
have been added to the
.amf file for improved
readability.

o An actual image of the
model on actual 3D
printing software.



" =. Language Example 2 .amf

1 <?xml wversion="1.0" encoding="utf-8"2>

2 <amf>

E| <object id="1">

: <mesh>

5 i <vertices>

& e i —=cx

7 <vertexr><coordinates><x>46</x><y>5</y><z>1</z></coordinates></vertex>
8 <vertexr<coordinatesr<x>46</x><y>5</yr<z>0</z></coordinates></vertex>
9 <vertexr<coordinates><x>d6</ ur<y>0</y><z>1</2></coordinates></vertex>
10 <vertex><coordinates><x>d6</ x><y>0</y><z>0</z5</coordinates></vertex>
a i <vertex><coordinates><x>0</x><y>5</y><ez>1</z></coordinates></vertex>
12 <vertex><coordinates><x>0</x><y>5</y><z>0</z></coordinates></vertex>
T3 <vertexr<coordinatesr<x>0</x><y>0</y><z>1</z»</coordinates></vertex>
14 <vertex><coordinates><x>0</xs<y>0</ y><e>0</2></coordinates></vertex>
30

ig Pl B e

17 <vertex><coordinates><x>1</x><y>»5</y><z>2</z></coordinates></vertex>
18 <vertexr<coordinatesr<x>1</x><y>»b</yr<z>1</z»</coordinates></vertex>
19 <vertex’<coordinates><x>1</x><y>0</y><z>2</z></coordinates></vertex>
20 <vertex><coordinates><x>1</x><y>0</y><e>1</e></coordinates></vertex>
21 <vertex><coordinates><x>0</x><y>5</y><z>2</z></coordinates></vertex>
o <vertex><coordinates><x>0</x><y>5</y><e>1</z></coordinates></vertex>
23 <vertex><coordinates><x>0</x><y>0</y><z>2</z></coordinates></vertex>
24 <vertex><coordinates><x>0</x><y>0</y><e>1</e></coordinates></vertex>
25
26 e B s
o <vertexr><coordinates><x>3</x><y>3</y><ez>2</z></coordinates></vertex>
28 <vertex><coordinates><x>3</x><y>3</y><z>1l</z></coordinates></vertex>
25 <vertexr<coordinatesr<x>3</n><y>»2</y><z>2</z></coordinates></vertex>
30 <vertex><coordinates®><x>3</xs<y>2</yr<e>1</e></coordinates></vertex>
31 <vertexr<coordinates><x>1</u><y>3</y><z>2</z></coordinates></vertex>
32 <vertex><coordinates><x>1</x><y>3</y><ez>1</z></coordinates></vertex>
33 <vertex><coordinates><x>1</x><y>2</y><z>2</z></coordinates></vertex>
34 <vertex®<coordinates»<x>1</x><y>2</y><z>1</z»</coordinates></vertex>
35

36 e e

37 <vertex><coordinates><x>4</u><y>5</y><z>2</z></coordinates></vertex>
38 <vertex><coordinates><x>4</x><y>5</y><z>1</z></coordinates></vertex>
39 <vertexr<coordinatesr<x>4</x><y>0</y><z>2</z></coordinates></vertex>
40 <vertex><coordinates><x>d</xs<y>0</y><e>1</e></coordinates></vertex>
41 <vertexr><coordinates><x>3</u><y>5</y><z>2</z></coordinates></vertex>
42 <vertex><coordinates><x>3</x><y>5</y><e>1</z></coordinates></vertex>
43 <vertex><coordinates><x>3</x><y>0</y><z>2</z></coordinates></vertex>
44 | <vertex®<coordinatesr><x>3</x><y>0</y><z>1</z></coordinates></vertex>
45 - </vertices>




=. Language Example 2 .amf

i B <volums>

47 : <!=— Right Face -->

48 <triangle><vl>0</vl><v2>1</w2><v3>3</v3></triangle>
49 <triangle><vl>0</vl><v2>2</v2><v3>3</v3></triangle>
50 wl-m ettt Phte ——F

5k = i <triangle><vl>B</v1><v2>6</v2><v3>T</v3></triangle>
52 ; . <triangler<vl>d</vl><v2>5</v2><v3>T</v3></triangle>
532 E E wli=< Top: Fach ——%

54 i | <triangler<vl>0</vl><v2>1</v2><v3>rh</v3></triangle>
53 E E <triangler<vl>0</vl><v2>4</v2><v3>5</v3></triangle>
56 : i <l-— Bottom Face ——>

57 <triangle><vl>2</vl><v2>3</v2><v3>T7</v3></triangle>
58 ] | =triangler<vl>»2</vl><vi>6</v2><v3i>T</v3i></triangle>
59 E E wl== Pioul Faos ~=F

60 : | <triangler<vl>0</vl><v2>2</v2><v3>6</v3></triangle>
61 <triangle><vl>0</vl><v2>4</v2><v3>6</v3i></triangle>
62 : i ®mlo- Back Face —=>

63 : : <triangler<vl>1</vl><v233</v2x<v3>7</v3></triangle>
G4 <triangle><vl>1</v1><v2>5</v2><v3>T7</v3></triangle>
1]

ie U

&7 <!-- Right Face -->

6 <triangle><vl>8</vl><v2>9</v25><v3>11</v3></triangle>
G <triangle><vl>8</vl><v2>10</v2><v3>11</v3></triangle>
7 ®l-= heft Page ——=

-

<triangle><vl>13</v1><v2>14</v2><v3>1b</v3></triangle>
<triangler<vl>12</vl>s<w2>13</v2><v3>15</v3></triangle>
<l—-— Top Face —-->
<triangle><vl>B</vl><v2>9</v2><v3>13</v3></triangle>
<triangler<vl»B</vlr<v2>12</v2><v35>13</v3></triangle>
<!l—— Bottom Face -->
<triangle><vl>10</vl><v2>11</v2><v3>156</v3></triangle>
<triangle><vl>10</v1><v2>14</v2><v3>15</v3></triangle>
whs Pront Fage ==
<triangler<vl>B</v1><v2>10</v2><v3>14</v3></triangle>
<triangle><vl>8</vl><v2>12</v2><v3>14</v3></triangle>

=] - 1 ]

~] ~]

=l—— Back ¥Faes —=F
<triangler<vl»9</vlr<v2>11</v2><v35156</v3></triangle>
<triangler<vl>9</v1><v2>13</v2><v3>15</v3></triangle>

<!-- Right Face -->
<triangler<vl»16</vls<v2>1T</v2><v3>19</v3></triangle>
<triangler<vl>16</vl>s<w2>18</v2><v3>19</v3></triangle>
<l—= Left Face ——>
<triangle><vl>»>21</v1><v2>22</v2><v3>23</v3></triangle>

MlOED fDOED D ED D B0 B B o -] -]
Lo TSN ¥ T = TR [T, & S - S ' Y o T S o SR O w SR Y RN o O - S O N S T o R V' O



|=. Language Example 2 .amf

. 1 <triangle><vl>»20</vlr<v2>21</v2><v3>23</v3></triangle>
92 P <l—— Top Face ——>
53 E E <triangler<vl>16</v1><v2>1T</v2><v3>21</v3></triangle>
54 s o <triangle><vl>16</vls<v2>20</v2><v3521</v3></triangle>
S5 ; E €l == Bottom Faos ——¥
96 L <triangle><vl1>18</v1><v2>19</v2><v3>23</v3></triangle>
£ E E <triangle><vl>18</v1s<vi>22</v2><v3>23</vi></triangle>
98 £ <l-- Front Face —->
5g E E <triangles<vl>16</vl><v2>18</v2><v3»22</v3></triangle>
100 P <triangle><vl>»16</vl>r<v2>20</v2><v3>22</v3></triangle>
AT E E Sl Rk Faeg: —=%
102 5 o <triangle><vl>17</vl><v2>19</v2><v3>23</v3></triangle>
163 E E <triangler<vl>1T7</vl><v2>21</v2><v3>23</v3></triangle>
104
105 . <l-- Right Face —->
1086 P <triangle><vl>24</vi><v2>25</v2><v3>27</vi></triangle>
167 E E <triangle><vl>24</v1><vi>26</v2><v3>27</vi></triangle>
108 i <l-- Left Face —-->
103 E 5 <triangle><vl>»29</vlr<v2>30</v2><v3>31</v3></triangle>
110 = 3 <triangle><vl1>28</vl><v2>29</v2><v3>31</v3></triangle>
130 E E €l Top Pase-—=%
112 5 o <triangle><vl>24</vl><v2>25</v2><v3>209</v3></triangle>
113 . <triangle><v1»24</v1><v2>28</v2»<v3>29</v3></triangle>
114 L <l-- Bottom Face —->
BB ES E E <triangle><vl>26</vl><v2>27</v2><v3>31</v3></triangle>
116 £ <triangle><vl>26</vl><v2>30</v2><v3i>31l</vi></triangle>
11T E E == Front Face ==%
118 = 3 <triangle><vl1>24</vl><v2>26</v2><v3>30</v3></triangle>
i g E 5 <triangle><vl>»24</vlr<v2>28</v2><v3>30</v3></triangle>
120 P f£1-="Rick Pace —=F
12¥ E E <triangler<vl>25</vl><v2>2T</v2><v3>31</v3></triangle>
122 5 o <triangle><vl>28</vlr<v2>29</v2><v3>31</v3></triangle>
123 Fo - </volume>
124 - | </mesh>
125 - </object>

126 ~</amf>



' =. Language Example 2 model

'GCura B — - —

- - -
File Edit View Settings Extensions Preferences Help
Printer: | Ultimaker 3 b g ‘
X | 46618 mm
v | 23.2005 mm Print core 1) [ PLA (Print core 2) ‘
Z|0 mm Print core & Material: | AADA 2.2 | ‘ PLA b ‘
Profile: |Nurmal Quality * v ‘

Print Setup Custom
_E Quality

I1 shell

23 infill i
|\|||| Material i

{7} speed

% cooling i
Ll Support

= Build Plate Adhesion

/K Dual Extrusion

7L special Modes

AA A A A A A A A A

UMz h & Ready to Save to File

46.0 x 5.0 x 2.0 mm
C U f'CI ] @ 00h07min | 007 m/~0g

Manipulate to your liking then print when ready!



N |
EE Language Examples
[

The prior examples are just a small, elementary sample of
what our language has to offer. You can be as simple or
elaborate as you’d like.




Important Lessons Learned

e Scheduling

e Time Management

e Effective Communication

e Consistent Collaboration

e Laying out the Language (seeing the big picture) early
e Understanding compiler components early

e OCAML




|=. Possible Language Expansion
L

e Time and resource constraints forced us to reduce the
capabilities of our language. But it was designed to be
flexible enough for features to be added later on. Some of
these additions could include:

o Expanding the problem solving ability of Blox. This
could take the form of allowing the programmer to
design more complex rules upon which object
generation would be regulated by.

o Increasing the robustness of our compiler so that users
could specify their intentions in a high level way so that
they would not have to think in terms of blocks.
Perhaps our solution resides in machine learning.

o Incorporating features present in the AMF open
standard such as material and texture definition to give
programmers greater control over their creations.






Questions?
Comments?




