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m 900 ¢ Calculator
Module

By Jeanne Beau and Zachary Martin



A DPR calculator design
with a serial monitor based
user interface to achieve a
scalable arithmetic logic
unit at a consistent size



This system will:

e Receive a selected
operator and two
operands from the user

e Reconfigure itself to
perform the operation

e Display the result of the

operation on a serial
terminal.



High-Level Architecture

i

ALU controller

Software Application:

Receive command from Terminal through UART

Parse the operation

Send the operation and data to the hardware IP via the AXI-Light Interface
Receive the outcome of the operation from the AXI-Light Interface

Display the outcome on the terminal via UART.

AXI-Lite Interface

Hardware
P

Output

>




AXl4-Lite Datapath & State

S_AXI_AWADDR

5_AXI_AWVALID

S_AXI_AWREADY |

S_AXI_WDATA

Slave Registers

S_AXI_WSTRE

S_AXI_WVALID

S_AXI_WREADY

5_AX|_BRESP

5 _AXI BVALID
i
.

S_AXI_BREADY

S_AXI_ACLK

resetn

Slave Register 2 = 10
Slave Register 3 = 11

scirR l
|

S_AXI_ARADDR

S_AXI_ARVALID

S_AX| ARREADY

B

-
oy

M

axi_awaddr(3..2)

S_AXI_ARESETN

slv_req_wren

S_AX|_RDATA

S5_AXI_RRESFP

3.2y °
slv_reg_rden

axi_araddr

S_AXI|_RVALID

S5_AX|I_RREADY

sl _reg_wrel !

1
52




Software
Control
Wele]le

or second
number

QOutcome

y Qutcome on
terminal

ispla)

age: Invalid
Number




ALU Component - Division

» RAX[31:
> MY[31:
> MZ[63:

18 clock

2
2
00000001
0

“opr.y/

ll20 ns l:I.Bl) ns 140 ns I:LSU ns l:I.G(]l ns l:I.'n'(]l ns 180 ns l:I.9C'l ns l2('.!(]! ns lZlU ns 220 ns l23(]! ns |240 ns
RN RN RN TN TN TRl NN NN TNl TN FE NSRS PN TR E TS NN EEE e
-1 -1015300550 -385580685 -1847796063
-1 1033192742 672184422 894796057
0000000100000000 00000000c37bbeda 0000000029048173 fffffffefc87e0d43
/




ALU Axi4-Lite - Addition

me Value .3-00“115‘ I310 ns 320“n5 330 ‘r-|s 340“{1-5 350 nia- 360 ns‘ 13.10 ns 380 ns 390 ns 4‘t?-D.lr-xs 410 ns 420 ns .1430 ns“ 480 ns 4?0 ns
8500_axi_aclk 0 ‘ [ | | | | |
8 500_axi_aresetn 1 ‘ i | | |
R s00_axi_awaddr[3:0] § 4 0 ! 4
W s00_axi_awprot[2:0] § 0 I 0
8 s00_axi_awvalid 1 ‘ | | .
% s00_axi_wdata[31:0] | 00000042 |, £Lffffff 00000000 , EECEEEEE 00000000 00000000
WS00_axi_wstrb3:0] | f ! ' _ _ _ _ _ £ '
8 500_axi_wvalid 1 —_ | | —I_ | |
18 s00_axi_bready 0 ’— | l_ ]
R 500_axi_araddr(3:0) 0 ) 0 ) ) 1 8 0 0
W s00_axi_arprot[2:0] 0 I ) . ) 0 '
8 s00_axi_arvalid 0 . . [ [
8 500_axi_rready 0 | |
8 500_axi_awready 1 [ | | | | [ |
8 500_axi_wready 1 | T 1 _I_ | | | | |
W s00_axi_bresp[1:0] 0 ) ) . . ) ) ) 0
18 500_axi_bvalid 0 ‘ [] ]
8 s00_axi_arready 0
#1500_axi_rdata[31:0] ‘ . 000‘00000 fffffffe
% 500_axi_rresp[1:0] ] ‘ I ; ) 0 '
8 500_axi_rvalid 0 | | . | |
1 C_S00_AX..TA_WIDTH 32 32
1§ C_S00_AX..DR_WIDTH 4 I : : 4 I
iT 10000 ps I . . . ' 10000 ps '
| : . : : : :






http://drive.google.com/file/d/1Y8Y8PjA2XvYGP1lFcWzLVDSO9IgFfeXm/view

Revelations & Conclusion

e Design Flow - floor plan constraints

o

o

(@)

o

1stiteration - created fplan with division RM and multiplication needed DSP48 cells
2nd iteration - created fplan with multiplication and division needed a larger size (more carry cells)
Ended up drawing a much larger block which included DSP48 cells

This might not be ideal because the hardware requirements are significantly varied for multiplication and

division.

e Division operation limitations

(@)

Division results were inconsistent in software testing. This was previously simulated successfully in
Vivado.

Results were correct when the data was written a second time. We now do this as a work around.

We speculate that the number of clock cycles needed is unpredictable, not given enough time to complete
the computation by the time we're ready to read the data.

The circuit is mostly combinational and we may be able to solve this with a more synchronous design, as

discussed in a previous lecture about less clock cycles vs. combinational timing constraints.
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