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High Level Synthesis

Hierarchical Description
— 4-Phase Handshaking

Graph Representation
— Control/Data Flow Graphs

Data Subsystem

— Allocation (ﬁwamadg (cm)ﬂ/ 0\” Qemt"m>

_ Binding Spaial v¢ Toms s%aYM@E ,
Scheduling

— Finite State Machine

Reference:

Bluespec System )
FPGAs for Software Programmers, D. Koch, F. Hannig, D. Ziener, Springer 2016
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Implementation: Example

Multiply(X, Y, Z, start, done)
{ Input X[15:0], Y[15:0] type bit-vector, start type
Boolean;

Local-Object A[15:0], B[15:0] ,M[31:0], i[4:0] type bit-
vector;

Output Z[31:0] type bit-vector, done type Boolean;
SO: If start’ goto SO || done €1;
S:A€X||B€Y|i€0]||M€O0| done €0;

S2: If B;s =0 goto S4 || i€i+1;

S3: M € M+A;

S4:if i>= 16, goto S6

S5: M€ Shift(M,L,1) || B€Shift(B,L,1) || goto S2;
S6: Z: €M || done € 1|| goto SO;

}




High Level Synthesis

« Describe system in programs
« Data subsystem
— List data operations ] Kl JLisre
— Map operations to functional blocks
— Add interconnect for data transport Bin SR |
— Input control signals and output conditions a
e Control Subsystem
— Derive the sequence according to the hardware program
— Create the sequential machine
— Input conditions and output control signals

Example: Multiplication

Input X, Y o X
Arithmetic Output Z [0 /_;4 !
Variable M, i »=1 =MtX
7=X x Y Yeriab! g1, Mattr
* M=0 « For i=n-1to 0 oo
e Fori=n-1to 0 ~IfY, =1, M=M+X ‘290 [[v00
—IfY=1, M=M+X x 2i - Sh.iftY left.by one bit
— If'i 1= 0, shift M left by one
° Z:M bit (j,zf Foeo
T M (4 D
11190
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Step 0: Syntax

Multiply(X, Y, Z, start, done)
{ Input X[15:0], Y[15:0] type bit-vector, start type boolean;
Local-Object A[15:0], B[15:0] ,M[31:0], i[4:0] type bit-
vector,
Output Z[31:0] type bit-vector, done type boolean;
SO: If start’ goto SO || done €1;
SLA€X|B€Y|i€0|M€0| done €0;
S2:IfB,s =0 goto S4 || i€i+1;
S3: M € M+A,;
S4: if i>= 16, goto S6
S5: M€ Shift(M,L,1) || B<€Shift(B,L,1) || goto S2;
S6: Z: €M || done€ 1|| goto SO;
}

Step 1: Identify Input and Output of data and control subsystems
Multiply(X, Y, Z, start, done)

{ Input: X[15:0], Y[15:0] type bit- =XY

vector, start type boolean;
Local-Object : A[15:0], B[15:0], 16

MI[31:01, i[4:0] type bit-vector; X ¢ e 32
Output Z[31:0] type bit-vector, Y—|Subsystem

done type boolean;

B,gy ?

A 4

start Control
Subsystem| done




Step 2: Identify Condition Bits to Control Subsystem
Multiply(X, Y, Z, start, done)

{
v —L6
X Data 32
Y—0-sup 7
ubsystem
S0: If start” goto SO || done € 1; Bis, iy ?
SEAECX || BE Y| i€ 0| M€ 0 || done€-0; VC o
S2:If B;5s = 0 goto S4 || i€ i+1; start—— ool
S3: M & M+A; Subsystem| 4,0

S4:if i>= 16, goto S6

S5: M< Shift(M,L,1) || B& Shifi(B,L,1) || goto S2;
S6:Z:< M || done< 1| goto SO;

}

Step 3: Identify Data Subsystem Operations
Multiply(X, Y, Z, start, done)

{ /=XY
X [0 Data 32
16 Y
Y—"/Subsystem Z
SO: If start” goto SO || done €1; B4l ?
SI:A€X||B€Y|i€0|M€0| done € 0; X
S2:If B;5=0 goto S4 || i €i+1; art .~ Control ,
S4: if i>= 16, goto S6 y done

S5: M€Shift(M,L,1) || B €Shift(B,L,1) || goto S2;
S6: Z:€ M || done € 1]| goto SO;
}
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Step 4: Map Data Operations to Implementable functions

Multiply(X, Y, Z, start, done)

{ operation
A<EX A € Load (X)
B <Y B € Load (Y)
M<0 M« Clear(M)
i<0 i€ Clear(i)
i<it+1 i < INC(i)

SO: If start’ goto SO || done€=1; MEMFA M€ Add(M,A)

SI:A€X|B€Y|i€0]ME&O0| done € 0; M&Shif((M,L,1)M € SHL(M)

S2:1fB,5=0 goto S4 || i€i+1; B<Shifi(B,L,1) B € SHL(B)

S3: M € M+A; Z:€M Wires

S4: if i>= 16, goto S6

85: M€ Shift(M,L,1) || B€Shifi(B,L,1) || goto S2;
S6: Z:€ M || done € 1|| goto SO;

}
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Step 5: Implement the Data Subsystem from Standard Modules

D
Registers: If C then R € D |

'
R

operation

A € Load (X)

B € Load (Y)

M€ Clear(M)

1€ Clear(i)

i € INC(i)

M& Add(MLA)

M €& SHL(M)

B < SHL(B)
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Storage Component: Registers with control signals

D
Registers: If C then R € D |

'R

operation Register A

A € Load (X) ™ Reoi

B € Load (Y) X -?» oy R-+>A egister M
M€ Clear(M) | —~—D R,
i€ Clear(i) 32 | ar| M

i € INC(j) Register B I

M& AddM,A) 16 |8 .
M € SHL(M) R N
B < SHL(B) | B[15]

Data Subsystem

operation
A € Load X) Register A

B € Load (Y)

M€ Clear(M) X R

. . 16 LD Register M
i€ Clear(i) |

i € INC() D R_._.

M€ Add(M,A) 32 | ar| M
M & SHL(M) |
B < SHL(B)

Register B

16
Y\DR

p |B

v




Function Modules: Adder, Shifter

&
<

operation
A € Load (X)
B € Load (Y) | X
Me Clear(M) Register A AAdder Selector Register M
%(— Clear(i) < =D R N E S e
i € INC() 16 | Lp 1 |5, EEEE M
M€ Add(M,A) | ]
M € SHL(M) Co E C C, Cs
B < SHL(B)
6 Selector Register B
Y. 5 Registers B and M have
E D R BT multiple sources.
LD
r & o
15
Function Modules: Adder, Shifter, Counter
operation N
A € Load (X)
B € Load (Y) . ) Select
M &€ Clear(M) T T dder | [ Regitern
?é Clear(.i) X =D R~ . S1—0 EE
i € INC() 16 | LD ' 132 |per| M
M& Add(M,A) | ]
M € SHL(M) Co E of C, Cs
B < SHL(B)
Selector Register B
v 16
Counter i
D R/ B > B[13] D R
@ L|D CLR Inc I: i[4]
) Cs ]
C6 C7 16




Step 6: Map Control Signals to Operations

operation control
A € Load (X) Co=1

B € Load (Y) C>=0and Cs =1 Register A > A Selector Register M
Mé€ Clear(M) C3=1
i€ Clear(i) Cs=1 X -D R D R
i € INC() C,=1 16 LD pcir| M
M& Add(M,A) C1=0 and C;=1 | ‘ ‘
M (_ SHL(M) Clzl and C4:1 C0 C4 C3
B < SHL(B) Cy=landCs=1
Selector Register B
v 16
Counter i

D R|B |—> B[15] D R
— LD A
| CLR Inc

Ti[4]

C2 C5 I

Cs C;

Step 7: Identify Control Path Components

Multiply(X, Y, Z, start, done) 7=XY
{
16,
X Data 32
16 S
Y |Subsystem Z
SO: If start’ goto SO || done€1; B[15], i[4] Cor
SIA€ X || B €Y | i€0 | M€O0 | done €0; , '
S2:If B;5 =0 goto S4 || i€i+1;
S3: M €M+A; start— " Control |___,
S4: if i>= 16, goto S6 Subsystem done
S5: M€Shift(M,L,1) || B€Shift(B,L,1) || goto S2;
S6: Z: €M || done€-1|| goto SO;
} 4 Control |~ Co7
B[15] Unit
start — done
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