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*blooRTLs



An RTL description language geared towards catalyzing the
development, simulation, and synthesis of RTL specs

“Object-Oriented” - but NOT in the traditional sense

“Reasonably” fast clock frequency assumed (>MHz)

Compiles down to Sequential VHDL

* Qverview: Behavioral Language for
Object-Oriented RTL Specs



blooRTLs Tutorial

BINMAP var {
((msb = [7]: ( “Objectsn Of

lsh r= [[l] | < - P
\IIllddlEZhlt-SZ: [4][3]; L alla m1dr%

,_
wn

((om

b its /
var = |10000001; —>( /

var . middle2bits := wvar.msb % var.lsb: Y 1 O O () O O O 1

PRINT wvar middle2bits: e

PRINT wvar: > 1 OO(l) 1 OIO 1
\.

peter@MacDonald:~/Desktop/blooRTLs_PrecompilerS ./blooRTLs<in.txt

blooRTLE ===========================>

var.middle2bits =
Integer Representation:
Binary Indices:
Binary Representation:

Integer Representation:
Binary Indices:
Binary Representation:




Compiler Considerations for YHDL;
The YHDL Libraries

NOT STANDARDIZED IEEE STANDARDIZED

library ieee;

use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned. all;
use ieee.std_logic_signed. all;

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Early 1990s — Synopsys developed the arithmetic library with a
user-friendly VHDL arithmetic syntax and packaged it into the IEEE
library

Late 1990s — IEEE developed and standardized the numeric library
due to unexpected behavior across various toolkits that used the

arithmetic library



Compiler Considerations for YHDL.:
The YHDL Libraries

NOT STANDARDIZED

library ieee;

use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned. all;
use ieee.std_logic_signed. all;

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Tradeoff: The NUMERIC library is MORE RELIABLE for simulation
and synthesis, however it is much QUIRKIER !

It does NOT raise an error for overflow/underflow

It does NOT permit arithmetic for vectors of varying lengths;

however, there is a clever work-around



Compiler Considerations for YHDL.;
The Sequential Framework

library ieee;
use ieee.std_logic_1164.all;
use ieee mnumeric_std . all;

The Main Logic:

entity moore is

port ( begin
Clock : in STDLOGIC: process (Resetn, Clock)
Resetn : in STDLOGIC: I :
Vg1
. if Resetn = 007 ther
declare all inputs/outputs & vector length s e
Arbitrary examples to illustrate syntax: :"ti:lt_" <= -"*'-_ -~ o
input() : in std_logic_vector (7 downto 0); elseif (Clock '"EVENT AND Clock = 1"} then
inputl : in std_logic; 1 bit case state is
ountputl : out std_logic_vector (2 downto 0)); when A ==
if | coo | t hen

end moore ; ;
some statements/ code. .

state <= A;

architecture rtl of moore is else
type State_type is (A,B,C); Declare RTL states state <= B;
signal state: State_tvpe; end if -

declare all signals & wvector lengths

: . when B ==
Arbitrary examples to illustrate syntax:

some statements/coda. .

signal signalll : std_logic_vector (5§ downto 0):

signal signall : std_logic_vector (2 downto 0) := "0007; when C ==

signal signal?: std_logic = '17; k some statements/coda.. /
end case

end if;

1'[H| l?["i.l{"l'hh'.

push the desired logic to the output port. Arbitrary example
outputll <= "001" when state = C else "0007

end rtl;




blooRTLs
Compiled

BINMAP var {

Isb = [0];
nibblel := [7][6][5][4];
nibble0 := [3][2][1][0];
}
var := 00100001;

[var .nibble0) := wvar.nibblel * wvar. lsb]—b

PRINT wvar;

PRINT war nibble0:
PRINT war nibblel;
PRINT war lsb;

The Bottom Line : the

blooRTLs compiler performs
VHDL “length inferencing”

for you

architecture rtl of example is

== signals declared here

signal wvar std_logic_vector (7 downto 0});
std_logic_vector (7 downto U):]
std_logic_vector (3 downto 0) := "00017;

ls1gnal mibblel_tmp

signal oned A

begin
process (Resetn, |Clock)
begin
if Resetn = 00| then
state <= A;
elseif (Clock 'HVENT AND Clock = '1') then

case state 1:

2 clock cycles

/ when A == \
| nibblell_tmp k=

std_logic_vector (

oned_tmp --0001
* ( var(7) & var(6) & var(5) & var(4) ) --nibblel
* (70" & "0" & 0" & var(0)) ); -=-1sb

state <= B:

when B ==
var (3) == nibble0_tmp (3
var(2) <= nibble0_tmp (2
var(1l) == nibble0_tmp (1

var () == nibble0_tmp (0) ;
state <= A;

when C == \
-- some statements/code..

end case;

e M o o

e Concat operatol
end 1f ;

end process ;

-- push the desired logic to the output port.
output(l <= wvar;

end rtl;




Precompiler

Before compiling, the blooRTLs source code MUST be precompiled

in order to:
Cache the bit vector indices given by the BINMAP

Check for arithmetic over/underflows

In Ocaml, a map module was implemented to cache/log the values

and indices of variables and objects...



Precompiler: Ocaml environment

[t’s a Map of Maps!

Keys (Variables) Values (Maps)
Keys (Objects) Values (Tuples of int*int list * int list))
w _, | (137, [7;6;5;4;3;2;1;0], [1,0;0;0;1;0;0;1],0 )
Rvarl — msb™ =1 (4,171, 111, 0)

“Isb” — [ (1, [0], [1],0)

“middle2bits” — | (1, [4;3], [0;1], 0)

# let binmap = mapUpdate "wvar" "" ( 137, [7;6;5;4;3;2;1;60], [1;6;8;6;1;6;8;1],8 ) binmap;;
val binmap : (int * int list # int list #* int) NameMap.t NameMap.t = =<abstr=>

# NameMap.find "" (NameMap.find "var" binmap);;

- : int * int list * int list * int =

6; 5; 4; 3; 2; 1; @], [1; @6; 6; @; 1; 6; 6; 1], @)




*Project Architecture




*Variable Declaration var1

* Assign value for variables :=
*Basic operations: + - * =
*Binary shifting << >>
“BINMAP

*|F-THEN-ELSE, REPEAT-UNTIL
“PRINT

*Program Keywords



rale cokern = parse

CL" " LA = "z " LY=L | f tTtoken lLexbuaf ¥
b £ FPILIIOS ¥
=" i1 HMIMNOS ¥
"o i TITME S ¥
pl= i i SHIFTERE ¥
el T i SHTFTI. ¥
o =rr 4 DESTEHT B
. —rr { EQU }
- i SEMT ¥
" " f LF ¥
L i RF *
b i L.”E ¥
L f RCE ¥
. £ PERTOCI ¥
| — L= B I S e a2s decimal { 2 DEC (decim=l}) H
["o" — "21"J4% a= bits { BITS (bBitc=) ¥
Irra*—"="1["a"—"=" O =" 4+ a= 1= 1 T lz=Toy H
TPRIMNT™ £ FPFEITINT ¥
TIMNELTT ™ £ IO ¥
TREPESRT™ i REEPELSAT ¥
TN T II.T 4 TEHITII. >
TITE™ i ITEF %
TTHRE™ 4 THEM *
TEILSE™ i FETI.SF H
TEIMN-ISPTT i ETrinE
"["["O"—"= "] "] " a= Hind
f IND(int of char ind. [1] — <48) 3
l[l[lgl_lgl][lgl_lgl]l]l == 4l
f IMND({((10* (int of char ind. [1] — 498))
+((imtc_of char imd. [2] — &a48) ) ] ¥
""" —""@= " ["O"— "9 " J["O"— "= "] "]*" === 4 rucd
f IND({ (100> (int_ of char ind. [1]1 — =22))
+(10= (int of char ind. [2] — =428) )
+((imt_of char imd. [3] — 4a8) ) ] ¥
l[l[l.:,l_lgl][lgl_lgl][lgl_lgl][l.:ll_lgl]l]l == 4 racd
i IHD((ALO000% (Amt of char Idind. [11 — ga8)¥ )
+ (100" (int of char ind. [Z2] — 492))
+(10= (inmt of char ind. [3] — <48))
+ ((imc_of char imd. [4] — a8} ) ¥ H

ecoclf { EOF ¥

*Scanner



statement:

EINMAFP ID LCE objdecl RCE { Binmap (£2,%4) 1}

expT { Expr ($1) }
statement sStatement { Stmtseqg ($1, £2) 1}

FRINT ID ID SEMI { Print (£2,%£3) @
FRINT ID SEMT { Printwvar (%2) }

IF LP expr EQU expr RPF THEN
LF =statement ERF ELSE

LEF statement ERE { Iftheni(%3,%5,59,513) }
EEPEAT LFP =statement EFP
UHTIL LF expr EQU expr ERP { Bepeat(£3,57,539) }
objdecl:
ID AS5IGH objdecl SEMI { Cbijmap (£1,£3) H
ID LSSIGH obijdecl SEMI obijdecl { Ckhjdeclseq(£1,53,55) 3
[I] TvD { Indices (51} b
IND obijdecl { Indsegi($l,$2) ¥
exXpr:
BITS { Bitc=(%1) }
DEC { Litc(&1)
ID ASSIGH expr SEMI { AsnRoot (£1,%£3) }
ID PERICD ID LSSIGH expr SEMI { LenCkd (£1,53,55) 3
o { IdenRoot($1} }
ID BERICD ID { IdenCbj ($1,83) 1}
expr FPLUS expr { Binop(%l1, ondd, £3) }
expr MINUOS expr { Binop (%1, Sub, £3) }
expr TIMES e=xpr { Binop (%1, Mul, £3) }
expr SHIFTE expr { Binop(&%1l, S5hiftr, £3) }
expr SHIFTL expr { Binop(£l, Shiftl, £3) }

eENpr eXpr { Expr=eg (£1,52) }

*Parser



twvpe operator = Odd Sub Mul Shiftr Shiftl

Type exXpr =
Lit of string
Bits of string (* binary string ¥)
O=nRoot of string * expr
HB=nCh) of string * string * exXpr
ITdenBoot of string
IdenChb]j of string * string
Binop of expr * operator * expr
Expr=eqg of expr * exXpr

cwype objdecl =
Chidecl=seg of string * objdecl * objdecl
Chimap of string * objdecl
Indice=s of int
Imd=seg of int * aobjdecl

Type Statement =
EBinmap of string * objdecl
Expr of expr
Stmt=eqg of statement * statement
Print of string * =string
Printwvar of string
Ifthen of exXxpr * exXxpr * =Statement * statement
REepeat of statement * expr * exXpr

*AST



*Our Featured Test Case

“;:J.D'—'\
T -~_1_.
= _..-_.:L:Dlal,ll@-;‘-‘v Dlr‘
WLDLDLDDDJ;J;._,_‘

* Using blooRTLs bit-mapping feature on sequential data, we can
encode important sequential data, such as DNA, and be able to
track genes

* In addition, DNA encoding can be optimized to use less space
and digits

* Original Encoding:
*A=00,C=01,T=10,G = 11

* Huffman Encoding:
*A=0,T=10,C=101,G =110



*Nucleotide Frequency

* We will take a DNA sequence BINMAP vart {
that has been encoded into nucleotide := [1][0];
binary numbers and count
how many of each
nucleotide there are.

* Features Tested:

var1 :=
1000110000000010001001101111010111001101001010000001110110001011000000;
adenosine := 0d; cytosine := 0d; thymine := 0d; guanine := 0d;

REPEAT (

* BINMAP, If-Then-Else,
Repeat-Until, PRINT, bit
manipulation, (Switch)

IF (var1.nucleotide = 00)

THEN ( adenosine := adenosine + 1d;
var1 >> 2d; )

IF (var1.nucleotide = 01)

] THEN ( cytosine := cytosine + 1d;

Output: vari > 2d:)

14 IF (var1.nucleotide = 10)

6 THEN ( thymine := thymine + 1d;
var1 >> 2d;)

8 ELSE

7/ ( guanine := guanine + 1d;
var1 >> 2d;)

)
UNTIL (var1 = 0d)

PRINT adenosine; PRINT cytosine; PRINT thymine; PRINT guanine;



Huffman Algorithm

BINMAP oldseq {

* Based on the nucleotide := [1][0];
nucleotide . il e
frequencies, we will 1001110000000010011001101111010111001101111010000001110101111011000000;
re-encode the DNA BINMAP newseq {
code using the more att;?ts = [;(2)];7t1bit7soz=‘ [71][70]; cbits := [72][71][70];
efﬁC].ent HUffman ﬁe]\f;e.;] E= gc[i, s]e[qlg;lgt}h :=0d;
Algorithm REPEAT (
. c IF (oldseq.nucleotide = 00
" Allots less bits tohigh AT
reg into, more DIts oldseq >> 2d;
for low freq info newseq >> 1d;
% seqlength := seqlength + 1d;)
Features Tested: IF (oldseq.nucleotide = 01)
% THEN ( newseq.tbits := 10;
BINMAP, If-Then- oldseq >> 2d;
Else, Repeat-Until newseq >> 2d;
pR|N’T, bIIDt ’ seqlength := seqlength + 2d; )
. . IF (var1.nucleotide = 10)
mampultlon, THEN ( newseq.cbits := 110;
(SW]tCh) oldseq >> 2d;

newseq >> 3d;

seqlength := seqlength + 3d; )
ELSE

( newseq.gbits := 111;

oldseq >> 2d;

newseq >> 3d;

seqlength := seqglength + 3d; )
UNTIL (var1 = 0d)
PRINT newseq; PRINT seqlength;



* Athough summer term is SHORT

*Better sense of how does Ocaml work and creating a
compiler

*We learned to appreciate the complexity behind
routine operations like loops and if-then statements
that we take for granted in existing languages

*The levels of abstraction that exist between the
programming language and machine code

* Computer Science is more than just coding

*Summary and Lessons
Learned



Thank yov




*BINMAP var1 {
*nibble:=[3][2][1][0];
*

}
*var1 := 10001110;
*var1.nibble := 0000:;
*PRINT vart;



