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UNDERSTANDING ERLANG TERMS

MYTH

» Tail-recursive functions are much faster than body-
recursive functions



UNDERSTANDING ERLANG TERMS

HOW TO IMPLEMENT ERLANG’S TYPE SYSTEM?

» Dynamic typing



UNDERSTANDING ERLANG TERMS

INFORMATION = BITS + CONTEX

S S S S S S S S +
|Ox68 |0x69 |0x6Cc |Ox6C |Ox6f |Ox00 |Ox00 |Ox00 |
S S S S S S S S +
|Ox100|0x101|0x102|0x103|0x104|0x105|0x106|0x107 |
S S S S S S S S +
S S S S S S S S +
| h | e [ U | U | o [ \No | \o | \0 |
S S S S S S S S +
|Ox100|0x101|0x102|0x103|0x104|0x105|0x106|0x107 |
S S S S S S S S +
S S S S S S S S +
| 26984 | 27756 | 111 | 0 |
S S S S S S S S +
|0x100|0x101|0x102|0x103|0x104|0x105|0x106|0x107 |
S S S S S S S S +
S S S S S S S S +
| 1819044200 | 111 |
S S S S S S S S +

|Ox100|0x101 |0x102|0x103|0x104|0x105|0x106|0x107 |
S N S N S N S N S N S N S N S N +



UNDERSTANDING ERLANG TERMS

ERLANGS BUILDING BLOCK(PARTIALLY)

» Numbers
» 1, 2, 1600
» 1.0, 3.14
» Atoms

» ok, true, false
» Tuples
» {3}, {1, 2, 3}, {ok, 100}
» Lists
» [1, [1, 2, 3]
» Maps
» #{name => “Jon Snow”, job => “King”}
» Binaries

» <<“hello”>>, <1, 2, 3>>
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XXXXXXXX

XXXXXXXX

XXXXXXXX

XXX XXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

A NAIVE IMPLEMENTATION

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXX XXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXX XXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXX000

XXXXX001

XXXXX010

XXXXX011

XXXXX100

XxXxxx101

XxXxXxx110

xXxxxx111

integer
float
atom
tuple
list
map
binary

*not in use



/* erts/emulator/beam/sys.h x/

typedef unsigned long Eterm erts_align_attribute(sizeof(long));

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 32-bits

XXXXXXXX  XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 64-bits



UNDERSTANDING ERLANG TERMS

DATA ALIGNMENT PROPERTY

int i = 100;
printf(“%p”, &i);

+----- +----- +----- +----- -+
| 100 |
+----- +----- +----- +----- -+
|0x100|0x101|0x102|0x103 |
t-—--- t-—--- t-—--- t-—--- -
+----- +----- +----- +----- -
| 100 |
+----- +----- +----- +----- -+
|0x204 | 0x205|0x206 | 0x207 |
+----- +----- +----- +----- +
+----- +----- +----- +----- -
| 100 |
+----- +----- +----- +----- -+
|Ox308 | 0x309|0x30a|0x30Db |
+----- +----- +----- +----- +
t----- t----- t----- t----- -
| 100 |
+----- +----- +----- +----- -+

| O0x40c | 0x40d | 0x40e | Ox40f |
S N S N S N S N +

0001 VYOO 0000

0010 V00O 0100

0011 V00O 1000

0100 V000 1100



UNDERSTANDING ERLANG TERMS

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXXXX

XXXXXXXX
), 9,9,.9,9.9,9.9,¢

XXX XXX XX
11111111

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXXXX

XXXXXXXX
), 9,9,.9,9.9,9.9,¢

XXX XXX XX
11111111

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXXXX

XXXXXXXX
), 9,9,.9,9.9,9.9,¢

XXX XXX XX
11111111

A STAGED TAG SCHEME FOR ERLANG

XXXXXX01

XXXXXX10

XXXXXX00

XXXXXX11
XXXx0011
XxXxx0111
xxxx1111

xxxx1011
xx001011
xx011011
11111011

list

boxed

header

immediate 1
pid
port

small int

immediate 2
atom
catch

nil
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BOXED HEADER

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXX00

XX000000

xx000100
xx001000
xx001100
xx010000
xx010100
xx011000
xx011100
xx100000
xx100100
xx101000
xx101100
xx110000
xx110100
xx111000
xx111100

header

tuple

binary match context
pos big int
neg big int

reference
function
float
export

refc binary
heap binary
sub binary

*not used

external pid
external port
external reference

map
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IMMEDIATE 1

XXXXXXXX

XXXXXXXX
XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXX11

xxxx1111
XXXxX0011
XxXxx0111

immediate 1

small int
pid
port
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IMMEDIATE 1

XXXXXXXX XXXXXXXX XXXXXXXX XXXxxx11 immediate 1

XUXXXXXXX XXXXXXXX XXXXXXXX xxxx1111 small int
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SMALL INT

XXXXXXXX

),.9,9.9.9.9.9.0.99.9.9.9.9.9.90.0.99.9.9.9.9.9.0.0.9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.90,.

01111111
10000000

91111111 1111717111 17171111717 1171711111 11111111
10000000 VVVVVVVEY 0BVVVOLD VOBV VYV

XXXXXXXX XXXXXXXX Xxxx1111

XXXXXXXX XXXXXXXX XxXxx1111 32-bits

XXXXXXXX XXXXXXXX XxXxx1111 64-bits

1111171771 117121711171 11111111 TMAX 32
00000LYO 00VVVVOD V01111 TMIN 32
-134,217,728 - 134,217,727

111711111 1717171171111 11111111 TMAX 64
000000VO 00VVVVLO V01111 TMIN 64

-576,460,752,303,423,488 - 57/6,460,/52,303,423,487



UNDERSTANDING ERLANG TERMS

IMMEDIATE 2

XXXXXXXX

XX XXX XXX
XX XXX XXX
11111111

XXXXXXXX

XX XXX XXX
XX XXX XXX
11111111

XXXXXXXX

XX XXX XXX
XX XXX XXX
11111111

xxxx1011

xXx001011
xx011011
11111011

immediate 2

atom
catch

nil



UNDERSTANDING ERLANG TERMS

IMMEDIATE 2

XXXXXXXX XXXXXXXX XXXXXXXX Xxxx1011 immediate 2

XXXXXXXX XXXXXXXX XXXXXXXX XX001011 atom



UNDERSTANDING ERLANG TERMS

XXXXXXXX

ATOM

XXXXXXXX

),.9,9.9.9.9.9.0.99.9.9.9.9.9.90.0.99.9.9.9.9.9.0.0.9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.90,.

11111111

000000VY 0BVVVVOD VVBVVVO 0KV11111 11111111

» Default 2220 =1,048,576
» Min 8192

XXXXXXXX

XXXXXXXX

XXXXXXXX

11111111

11111111

XXXXXXXX

XXXXXXXX

XXXXXXXX

11111111

11111111

Xx001011

xx001011 32-bits
xx001011 64-bits

11001011

MAX 32

67,108,863

11001011

MAX 64

2,147 ,483,647
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IMMEDIATE 2

XXXXXXXX XXXXXXXX XXXXXXXX Xxxx1011 immediate 2

1171717117111 1171717172171 1117117117111 11111011 nil



UNDERSTANDING ERLANG TERMS

NIL 111711111 1717171171111 17117111111 11011011

1171117177 1171711711171 11111111 11001011 32-bits
11111111 1717171711171 117171717171 11717177177 1117171777 11171711777 1111117111 11001011 64-bits

» ]

» Notnil in Elixir
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PRIMARY TAG

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX01 list

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX10 boxed

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX00 header



UNDERSTANDING ERLANG TERMS

PRIMARY TAG

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX01 list



UNDERSTANDING ERLANG TERMS

LIST(CONS) XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX01

[1]
rocar 0x100 Bx0000VVYVVYA1 T car: 1
» cdr 0x108  OXFffffffffffffffb  cdr: []
» [car | cdr]

[1,2]

Ox200  Ox000VV0VVLVVVLV2L car: 2
0x208 OXELEEFFfffffffffb  cdr: []
0x210  Ox000V0VVVVLVLV1E car: 1
0x218 Bx00000VVVV0VVV201 cdr: [2]

L]
0x300 OXLffffffffffffffb



UNDERSTANDING ERLANG TERMS

PRIMARY TAG

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX10 boxed

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX00 header
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BOXED XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX10

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXX10

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXO0



UNDERSTANDING ERLANG TERMS

BOXED HEADER

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXXXX

), 9,9,.9,9.9,9.9,¢

XXXXXXXX

XXXXXXXX

XXXXXXXX

XXXXXX00

Xx000000

Xx000100
xx001000
xx001100
xx010000
xx010100
xx011000
xx011100
xx100000
xx1001600
xx101000
xx101100
xx110000
xx110100
xx111000
xx111100

header

tuple

binary match context
pos big int
neg big int

reference
function
float
export

refc binary
heap binary
sub binary

*not used

external pid
external port
external reference

map
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BOXED HEADER

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXO00 header

XXXXXXXX XXXXXXXX XXXXXXXX XX000000 tuple
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TUPLE XXXXXXXX XXXXXXXX XXXXXXXX XX000000

{7
0x100  ©x00000BVVVVERBV00

{1}
0x200  ©x0000PBVVVVBBVV40
0x208  0x000000000000001f 1

{1,2}
Ox300 ©Ox000V0VBVVLVA3O
Ox308 0Ox000VVYVLYLVAO1E 1

Ox310 Ox000VVVVVLLVV2L 2



UNDERSTANDING ERLANG TERMS

MYTH WALKTHROUGH

» Tail-recursive functions are much faster than body-
recursive functions



TAIL-RECURSIVE VS BODY-RECURSIVE

-module(foo).
—-export([addl_tail/1, addl_body/1]).

addl_tail(List) —>
addl_tail(List, []).

addl_tail([], Acc) -> lists:reverse(Acc):
addl tail([H|T], Acc) -> addl_tail(T, [H+1|Acc]).

addl body([]) — []:
addl body([H|T]) — [H+1|addl body(T)].




UNDERSTANDING ERLANG TERMS

| BEAM STACK |
| Address | Contents |
A N | BEAM ACTIVATION RECORD
TAIL RECURSIVE | 0x0000000015aclaf8 | Ox0000000042fcaed9 | [1,2,3,4,5]
- | Ox0000000015aclafd | Ox0P0PER019ede830 | BEAM PC foo:runl/@ + Ox5

Contents |
| HEATP |



UNDERSTANDING ERLANG TERMS

TAIL-RECURSIVE

| BEAM STACK |
| Address | Contents |
| ===mmmmmmoe oo = =mmmmmmmmoe oo |
| Ox00000PR015aclaf8 | Ox0PVVVVVVV42fcae59 |
| Ox0000VVV015aclafd | Oxfffffffffffffffb |
| Ox00000PPO15aclae8 | OxOVVVVVVVVVVVVVLIE |
| Ox0000VVRO15aclacd | Ox0PVVVVVVO19ede830 |
= mmmmm e = mmmmm e |
== s == s |
|sm=mmmmmmm e |sm=mmmmmmm e |
| Address | Contents |

BEAM ACTIVATION RECORD
[2,3,4,5]

[]
1
BEAM PC foo:runl/@ + Ox5



UNDERSTANDING ERLANG TERMS

| BEAM STACK |
| Address | Contents |
A N | BEAM ACTIVATION RECORD
TAIL RECURSIVE | 0x0000000015aclaf8 | Ox00000R0B42fcae69 | [3,4,5]
- | 0x0000000015ac1lafd | Ox0P0P0ERO15ac13c9 | [2]
| 0x0000000015aclae8 | Ox0POVOOPOVRBROV2E | 2
| Ox0000000015aclacd | Ox000PER019ede830 | BEAM PC foo:runl/@ + Ox5
|

R R it e |

| Ox0000000015acl3d0 | OxEfffffffffffffffb | []
| Ox0000000015acli3c8 | Ox0VVVVVVVVVLRRV2Ef | 2
|seessassassassocsoss |seessassassassocsoss I

| Address | Contents |

| HEAP |



UNDERSTANDING ERLANG TERMS

| BEAM STACK |
| Address | Contents |
| —= - mm e e | —= - mm e e | BEAM ACTIVATION RECORD
TAIL RECURSIVE | 0x0000000015aclaf8 | 0x0000000842fcae79 | [4,5]
- | Ox00000PPV15aclaf® | Ox0PVORVOA15acl3d9 | [3,2]
| Ox00000VV15aclae8 | Ox00VVVVOVVOVVVV3E | 3
| Ox0000000015aclaed | 0x00000LVB19ede830 | BEAM PC foo:runl/@ + Ox5
== === |
|------ - |------ - I
| Ox000000PV15acl3ed | Ox0PBVPRVOA15acl3c9 | [2]
| Ox00000VVV15acl3d8 | Ox0VOVOVVVVVLVV3E | 3
| Ox0000000015acl13d0 | OxELffffffffffffffb | []
| Ox00000PRV15acl3c8 | Ox00VVVVOVVYVRV2E | 2
|------ |------ |
| Address | Contents |

| HEAP |



UNDERSTANDING ERLANG TERMS

TAIL-RECURSIVE

BEAM STACK

Address | Contents
____________________ |____________________
0Ox0000000015aclaf8 | Ox00VVVVV42fcae89
0Ox0000000015aclafd | Ox00VLVLLO15acl3e9
0x0000000015aclae8 | Ox000VVLVVLVLVLVVVVV4L
0Ox0000000015aclaecd | Ox00VVVVVO19ede830
e e
|- == |- ==
0Ox0000000015acl13f0 | Ox00LLLLV15ac13d9
Ox0000000015acl13e8 | Ox00VVVVVVVVVVVV4E
0Ox0000000015acl3e0 | Ox0PVVLLO15acl13co
0x000VPYO15acl3d8 | Ox0VVVVVVVVVVVYO3E
0Ox0000000015ac13d0 | Oxfffffffffffffffb
0x0000000015acl13c8 | Ox00VVVVVVVVVVVO2E
____________________ |____________________
Address | Contents

BEAM ACTIVATION RECORD
[5]

[4,3,2]

4

BEAM PC foo:runl/0Q + 0Ox5



UNDERSTANDING ERLANG TERMS

TAIL-RECURSIVE

BEAM STACK

Address | Contents
____________________ |____________________
0Ox0000000015aclaf8 | Oxfffffffffffffffb
0Ox0000000015aclafd | Ox00VLLLO15acl13f9
0x0000000015aclae8 | Ox00VVVLVLVLVLVVVVLO5E
0Ox0000000015aclaecd | Ox00VVVVVO19ede830
R R
== =mmmmm oo | == mmmmmmmmm oo
0x0000000015ac1400 | Ox00LLLLV15acl3e9
0x0000000015acl13f8 | Ox00VVVVVVVVLVO5E
0Ox0000000015acl13f0 | Ox00LLLLV15ac13d9
Ox0000000015acl13e8 | Ox00VVVVVVVVVVVV4E
0Ox0000000015acl3e0 | Ox0PVVLLO15acl13co
0x000VPYO15acl3d8 | Ox0VVVVVVVVVVVYO3E
0Ox0000000015ac13d0 | Oxfffffffffffffffb
0x0000000015acl13c8 | Ox00VVVVVVVVVVVO2E
____________________ |____________________
Address | Contents

BEAM ACTIVATION RECORD
[]

[5,4,3,2]

)

BEAM PC foo:runl/0Q + 0Ox5



UNDERSTANDING ERLANG TERMS

| BEAM STACK |

| Address | Contents |

| o m e | = mmm e | BEAM ACTIVATION RECORD
TAIL_RECURSIVE | ©x0000000015aclaf8 | Ox000000P015ac1409 | [6,5,4,3,2]

| Ox0000000015aclafd | Ox00P0VPVO19ede830 | BEAM PC foo:runl/@ + OXS5

I
| Ox00000V0B015acl410 | Ox0OVYOVYO15acl3f9 | [5,4,3,2]
| Ox0000000015ac1408 | Ox000VVVVVVVVVVV6E | 6
| Ox00000VVO015acl1400 | Ox0OVYOVYB15acl3e9 | [4,3,2]
| Ox0000000015acl13f8 | Ox000VVVVVVVVVVVOSE | 5
| Ox00000V0015acl3f@ | Ox0VOVOVV15acl3d9 | [3,2]
| Ox0000000015acl3e8 | Ox00VVVVVVVVVVVVV4E | 4
| Ox0000000015acl3ed | OxPOVROVOV15acl3c9 | [2]
| Ox0000000015ac13d8 | Ox0000VVVVVVVVVVO3E | 3
| Ox0000000015ac13d0 | OxEffffffffffffffb | []
| Ox0000000015acl3c8 | Ox000VVVVVVVVVVVV2E | 2
[s=mmmmmmm oo [s=mmmmmmm oo |
| Address | Contents |

| HEAP |
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TAIL-RECURSIVE

BEAM STACK

Address | Contents
____________________ |____________________
0Ox0000000015ac1bl8 | Ox00VLLVV15ac1459
0x0000000015ac1bld | Ox00VVVVVV1525a148
____________________ |____________________
____________________ |____________________
0x0000000015acl1460 | Ox00VLLLLV15ac1449
0x0000000015ac1458 | Ox00VVVVVVVVVVO2E
0x0000000015ac1450 | Ox00LLLLV15ac1439
0x0000000015ac1448 | Ox00VVVVVVLLVLVO3E
0x0000000015ac1440 | Ox00LLLLO15ac1429
0x0000000015ac1438 | Ox000VLVLVLVLVLVVVVVV4L
0x0000000015ac1430 | Ox00LLLLO15ac1419
0x0000000015ac1428 | Ox000VLVLVVLVLVVVLVO5E
0Ox0000000015ac1420 | Oxfffffffffffffffb
0x0000000015ac1418 | Ox00VVVVVVVVVLVV6L
0x0000000015acl1410 | Ox00LLLLV15acl13f9
0x0000000015ac1408 | Ox00VVVVVVLVVVLLV6L
0x0000000015ac1400 | Ox00LLLLV15acl3e9
0x0000000015acl13f8 | Ox00VVVVVVVVLVO5E
0Ox0000000015acl13f0 | Ox00LLLLV15ac13d9
Ox0000000015acl13e8 | Ox00VVVVVVVVVVVV4E
0Ox0000000015acl3e0 | Ox0PVVLLO15acl13co
0x000VPYO15acl3d8 | Ox0VVVVVVVVVVVYO3E
0Ox0000000015ac13d0 | Oxfffffffffffffffb
0x0000000015acl13c8 | Ox00VVVVVVVVVVVO2E
____________________ |____________________

Address | Contents

BEAM ACTIVATION RECORD
[2,3,4,5,6]
BEAM PC normal-process-exit

[5,4,5,6]
P

[4,5,6]

3

[5,6]

4

[6]

5

[]

6
[5,4,3,2]
6

[4,3,2]

)

[3,2]

4

[2]

3

[]
2



UNDERSTANDING ERLANG TERMS

| BEAM STACK |
| Address | Contents |
I

-------------------- | BEAM ACTIVATION RECORD
BUDY RECURSIVE | 0x0000000015aclafs8 | Ox00000R0B42fcae59 | [2,3,4,5]
- | Ox000P0R0R15aclafl | Ox00PEPROR0R0RRRLE | 1
| ool | ool | BEAM ACTIVATION RECORD

| Ox00000V0015aclae8 | Ox00VVOVVO19ede8b® | BEAM PC foo:run2/0 + 0Ox5
R SOEEEEEEEE R SOEEEEEEEEE |



UNDERSTANDING ERLANG TERMS

BODY-RECURSIVE

| BEAM STACK |
| Address | Contents |
| ===mmmmmmoe oo | ===mmmmmmmoooo oo |
| Ox00000VR015aclaf8 | Ox0VVVVVVVVVRVVV2Ef |
| Ox0000VVV015aclafld | OxPVVVVVVO19ede8bO |
|ommmmmmmm oo |ommmmmmmmmoeaaeae |
| Ox0000VVRV15aclae8 | Ox0PVVVVVVV42fcaeb9 |
| Ox00000VP015aclaecd | OxOVVVVVVVVVVVVV2Ef |
| Ox00000PRO015aclad8 | OxPVVVVVVO19edeO |
= mmmmmm e = mmmmmm e |
== s == s |
|sm=mmmmmmm e |sm=mmmmmmm e |
| Address | Contents |

BEAM ACTIVATION RECORD
2

BEAM PC foo:run2/0 + Ox5
BEAM ACTIVATION RECORD

[3,4,5]
2

BEAM PC foo:addl_body/1 + 0x12



UNDERSTANDING ERLANG TERMS

BODY-RECURSIVE

BEAM STACK
Address | Contents
____________________ |____________________
Ox000VPRVV15aclaf8 | OxPVVVVLVVVLVVVV2E
Ox000VPRVV15aclafd | OxPVVVVLVO19ede8bO
____________________ |____________________
Ox000VPRVV15aclaec8 | OxPVVVVLVVVLVVVV3E
Ox000VPRVV15aclacd | OxPVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclad8 | OxPVVVVLRV42fcae’/9
0Ox000VPRVV15acladld | OxPVVVVLVVVLVVVV3E
Ox000VPRVV15aclac8 | OxPVVVVLVO19edelBO
R e e R e e I
|o====mmmmmoeaaeaee |o====mmmmmoeaaeaee |
|sm=mmmmmmm e |sm=mmmmmmm e |
Address | Contents

BEAM ACTIVATION RECORD

2

BEAM PC foo:run2/0 + Ox5

BEAM ACTIVATION RECORD

3

BEAM PC foo:addl body/1 + 0x12
BEAM ACTIVATION RECORD

[4,5]

3

BEAM PC foo:addl body/1 + 0x12



UNDERSTANDING ERLANG TERMS

BODY-RECURSIVE

BEAM STACK
Address | Contents
____________________ |____________________
Ox000VPRVV15aclaf8 | OxPVVVVLVVVLVVVV2E
Ox000VPRVV15aclafd | OxPVVVVLVO19ede8bO
____________________ |____________________
Ox000VPRVV15aclaec8 | OxPVVVVLVVVLVVVV3E
Ox000VPRVV15aclacd | OxPVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclad8 | OxPVVVVLVVVLVVVV4E
0Ox000VPRVV15acladld | Ox0PVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclac8 | OxPVVVVLVV42fcae89
Ox000VPRVV15aclacd | OxPVVVVLVVVLVVVLV4E
Ox000VPRVV15aclab8 | OxPVVVVVVO19edelO
|smmmmmemm e |smmmmmeme e |
|o====mmmmmoeaaeaee |o====mmmmmoeaaeaee |
|sm=mmmmmmm e |sm=mmmmmmm e |
Address | Contents

BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM

[5]
BEAM

ACTIVATION RECORD

PC foo:run2/0 + Ox5
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
ACTIVATION RECORD

PC foo:addl body/1 + 0x12



UNDERSTANDING ERLANG TERMS

BODY-RECURSIVE

BEAM STACK
Address | Contents
____________________ |____________________
Ox000VPRVV15aclaf8 | OxPVVVVLVVVLVVVV2E
Ox000VPRVV15aclafd | OxPVVVVLVO19ede8bO
____________________ |____________________
Ox000VPRVV15aclaec8 | OxPVVVVLVVVLVVVV3E
Ox000VPRVV15aclacd | OxPVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclad8 | OxPVVVVLVVVLVVVV4E
0Ox000VPRVV15acladld | Ox0PVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclac8 | OxPVVVVLVVVLLVVASE
Ox000VPRVV15aclacOd | OxPPVVVLVO19edelO
____________________ |____________________
Ox000VPVV15aclab8 | Oxfffffffffffffffo
Ox000VPRVV15aclabd | OxPVVVVLVVVLVVASE
Ox0000PRVV15aclaa8 | OxPVVVVVVO19edelO
|sm=mmmmmmm e |sm=mmmmmmm e |
|o====mmmmmoeaaeaee |o====mmmmmoeaaeaee |
|sm=mmmmmmm e |sm=mmmmmmm e |
Address | Contents

BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM

L]
BEAM

ACTIVATION RECORD

PC foo:run2/0 + Ox5
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
ACTIVATION RECORD

PC foo:addl body/1 + 0x12
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BODY-RECURSIVE

BEAM STACK
Address | Contents
____________________ |____________________
Ox000VPRVV15aclaf8 | OxPVVVVLVVVLVVVV2E
Ox000VPRVV15aclafd | OxPVVVVLVO19ede8bO
____________________ |____________________
Ox000VPRVV15aclaec8 | OxPVVVVLVVVLVVVV3E
Ox000VPRVV15aclacd | OxPVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclad8 | OxPVVVVLVVVLVVVV4E
0Ox000VPRVV15acladld | Ox0PVVVVVVO19edelO
____________________ |____________________
Ox000VPRVV15aclac8 | OxPVVVVLVVVLLVVASE
Ox000VPRVV15aclacOd | OxPPVVVLVO19edelO
____________________ |____________________
Ox000VPRVV15aclab8 | OxVVVVVLVVVLLVVVEE
Ox000VPRVV15aclabld | OxPVVVVLVO19edelO
____________________ |____________________
Ox000VPRVV15aclaa8 | OxPVVVVLVO19edelO
R R |
|o====mmmmmoeaaeaee |o====mmmmmoeaaeaee |
|sm=mmmmmmm e |sm=mmmmmmm e |
Address | Contents

BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM

BEAM
BEAM
BEAM

ACTIVATION RECORD

PC foo:run2/0 + Ox5

ACTIVATION RECORD

PC foo:addl body/1 + 0x12

ACTIVATION RECORD

PC foo:addl body/1
ACTIVATION RECORD

PC foo:addl body/1
ACTIVATION RECORD

PC foo:addl body/1
ACTIVATION RECORD
PC foo:addl body/1

+

Ox12

Ox12

Ox12

Ox12
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| BEAM STACK |
| Address | Contents |
| o m e | = mmm e | BEAM ACTIVATION RECORD
BUDY RECURSIVE | ©x0000000015ac1bd8 | Ox000P0R015ac1409 | [2,3,4,5,6]
- | 9x0000000015ac1bl0 | Ox0PBPERV1525a148 | BEAM PC normal-process-exit

I
| Ox00000VVO15acl410 | Ox0OVYOVYO15acl3f9 | [3,4,5,6]
| Ox0000000015ac1408 | Ox0000VVVVVVVVVV2f | 2
| Ox00000VVO015acl1400 | Ox0OVYLVVO15acl3e9 | [4,5,6]
| Ox0000000015acl3f8 | Ox00VVVVVVVVVVVV3Ef | 3
| Ox00000VV015acl3f@ | Ox0VOVOVV15acl3d9 | [5,6]
| Ox0000000015acl3e8 | Ox00VVVVVVVVVVVVV4E | 4
| Ox0000000P15acl3ed | OxPOYVOVOO15acl3c9 | [6]
| Ox0000000015ac13d8 | Ox0000VVVVVVVVVOSE | 5
| Ox0000000015ac13d0 | OxEffffffffffffffb | []
| Ox0000000015acl3c8 | Ox000VVVVVVVVVVVV6E | 6
[s=mmmmmmm oo [s=mmmmmmm oo |
| Address | Contents |

| HEAP |



TAIL-RECURSIVE VS BODY-RECURSIVE

-module(foo).
—-export([addl_tail/1, addl_body/1]).

addl_tail(List) —>
addl_tail(List, []).

addl_tail([], Acc) -> lists:reverse(Acc):
addl tail([H|T], Acc) -> addl_tail(T, [H+1|Acc]).

addl body([]) — []:
addl body([H|T]) — [H+1|addl body(T)].




Use the version that makes your code cleaner (hint: it is
usually the body-recursive version)

A tail-recursive function that does not need to reverse the
list at the end is faster than a body-recursive function

map(F, [H|T]) —
[F(H) |map(F, T)1;

map(F, []) when is_function(F, 1) — [].
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RESOURCES

» The Seven Myths of Erlang Performance

» http://erlang.org/doc/efficiency guide/myths.html

» A Staged Tag Scheme for Erlang(2000)

» http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.142.2827

» The Erlang Type System and Tags(The BEAM Book)

» https://happi.github.io/theBeamBook/#CH-TypeSystem

» Data Types Memory Layout(BEAM-WISDOM)

» http://beam-wisdoms.clau.se/en/latest/indepth-memory-layout.html

» Erlang/OTP source code

» https://github.com/erlang/otp/blob/master/erts/emulator/beam/erl_term.h

» ETerm library

» https://github.com/sunboshan/eterm



http://erlang.org/doc/efficiency_guide/myths.html
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.142.2827
https://happi.github.io/theBeamBook/#CH-TypeSystem
http://beam-wisdoms.clau.se/en/latest/indepth-memory-layout.html
https://github.com/erlang/otp/blob/master/erts/emulator/beam/erl_term.h
https://github.com/sunboshan/eterm
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THANK YOU

SUBSPLASH"



