Arithmetic Devices
Part I: 16-bit Carry Select Adder

1. Theoretical overview

At the very least, most people expect computers to do some kind of arithmetic
computation, and thus, most people expect computers to add. We're going to
construct combinational logic circuits that perform binary addition. The adder is a
logic element which computes the (n + 1)-bit sum of two n-bit humbers. We know
that combinational logic circuits can't compute the outputs instantaneously. There is
some delay between the time the inputs are sent to the circuit, and the time the
output is computed. Let's say the delay is T units of time. Suppose you want to
implement an n-bit ripple carry adder. How much total delay is there? Since an n-
bit ripple carry adder consists of n adders, there will be a delay of nT. Why is there
this much delay? After all, aren't the adders working in parallel? While the adders
are working in parallel, carries must "ripple" their way from the least significant bit
and work their way to the most significant bit. One of the possible approaches is
Carry Select Adder (CSA). Carry select adders add much faster than ripple carry
adders. The carry select adder generally consists of Ripple Carry Adders (RCA) and
one multiplexer. Figure 1 shows a 16-bit carry select adder.
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Figure 1: 16 bit Carry Select Adder

2. Implementation

2.1 Describe as independent generic component the RCA and MUX
pair (RCAMP) by using processes (RTLI level).

2.2 Describe the full circuit by using RCAM component and FOR/IF
generate statement (structural level).

2.3 Describe the RCA 16-bit and compare the hardware cost (number of
logic elements) and performance (delay) of RCA with CSA. Use Altera
Quartus II tool and Cyclone II FPGA for fulfillment this task.
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Part II: 16 bit fast multiplier

12192 M2V NOYAN NN DY MIXYN .NIDIN NHIT NIDNIN NPDIDIN MWD NNN NN D95 NYIYS
N9WON NON Y950 ALY BN WX ,NIMIN MWD DSP »ndanoN by 220010 7ayn Dy N9 NNY
DYIARWNN DY NIDINN NIDINM NIIWNN OYINI NYIPN MIIININ

N NI NRNIND NDHY .HAON MNXIN MMV 12 PIDT DY DOANNDN DN ONINONRND NN oD
Y2 .AYATIN NI NN NN I DY WINOWN DY NN NYINN TN, NYPIANAN NVIWIN NDIVIN
(NN PRI NDTIN N

32 32 product

s Memory —

Figure 1
INTA PN DT ,D90N NINIIN DYINN NI NAIND OMNMNN VI 16 DY B H:5M V11 16 DY A Haoin

PINON NIWIRNN NN N VTV 1, total_memory_size=32 * 2U0H0 — 237 bit 11 cnan w

DT PIND .DMPAN MXNIN HY NN MDD 9901 PV WATIN 11122 DTN P2 NIV NPNIAN HIPNND
V1 16 HY DOOVINNIND NN DY PNIND I XIAN PN .NMINAP-NND D99 HMON DY NPwN wsn
NN DD V1 8 HY MNAP-NNY

16 bit

A_high 8 bit A_low 8 bit

B_high 8 bit B_low 8 bit

16 bit

Figure 2



: NI2N 19N IVINH NRIIND

product =a _low*b _low+ ((a_high*b_low) << 8) +
((a_low*b_high)<<8)+ ((a_high*b_high) << 16)
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Select Tools > MegaWizard Plug-In Manager and the following window appears to ask

whether to create a new, edit or copy an existing megafunction.
Select Create a new custom megafunction variation and click Next.

. A new window called page 2a will appear to let you select the type of megafunction you
want to design. Select Memory Complier from the tree menu and expand it. Select
ROM:1-PORT. Select Cyclone II in Which device family you be using. Select VHDL as

the type of output file to create, and give the file the name to be rom.vhd then click Next.

. In page 3 of the wizard specify the memory size of M x N-bit words, and select M4K as
the type of ROM block. Accept the default settings to use a single clock for the ROM’s

registers then click Next.

. In page 4, select the setting called ‘q’ output port under the category "Which ports should
be registered"? This setting creates a ROM module that matches the structure in Figure 4,
with registered input ports and registered output ports. Select aclear for output register.

Click Next.

. In page 5, the initial content of the memory should be initialized. The memory used in this
part is ROM, therefore, the second option of Do you want to specify the memory initial
content is enabled. Specify the filename rom.mif in the text box. You will know about the
structure of this file at the end of this document. You need this file to specify some data

values to be stored in the memory. Click Next.

. Continue to click Next again and then click Finish in the last page of the wizard.
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DEPTH = 32;

WIDTH = §;

ADDRESS_RADIX = HEX; (may be BIN, OCT, DEC, HEX)
DATA_RADIX = BIN; (may be BIN, OCT, DEC, HEX)
CONTENT

BEGIN

00 : 00000000
01 : 00000001;
02 : 00000010
03 : 00000011;
04 : 00000100
05 : 00000101;
06 : 00000110
07 : 00000111;
08 : 00001000
09 : 00001001;
0A : 00001010;
0B : 00001011;
0C : 00001100;
END;
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