Homework 0: Intel x86 Assembly Language Review Summer 2017

Part 0:
This is an individual activity and is to be accompanied by screen images and a report.

Multiplication of two signed-binary numbers in 2's complement form can be performed by using
binary addition and subtraction and a set of shift and rotate instructions. Below is the pseudo
code for Booth's algorithm, which multiplies two signed-binary numbers in 2's complement. This
algorithm is typically implemented by a hardware digital circuitry incorporated into an arithmetic
logic unit. Additional information to confuse you can be found on the last two pages of this
assignment.

Write the assembly code that will impl‘ement Booth’s algorithm through utilization of resources

internal to the processor (avoid using external memory due to significant latency introduced).
Assemble, link, and debug your assembly program with MASM (or MASM32) and CodeView

so that it executes in a user-visible window without errors.
Document the testing process to prove the functional correctness of your code.

You must clearly explain your code using appropriate documentation aids: readable layout,
indentation, sparse commenting etc.

Procedure for multiplying two signed word-size binary numbers in 2's complement:
1. Initialize the counter to 16.
2. Place the Multiplicand in BX register.

3. Place the Multiplier in AX register.
4. Initialize DX to zero; DX:AX will hold the result

5. Clear the Carry Flag (CE),. 2. CLCT TosTruction WillI doeres
6. Check Least Significant Bit (LSB) of Multiplier and CF.

Ta ddx
a. LSB of Multiplier = CF, do nothing and go to step 8

b. L8B.of Multipliersl and CF=0, subtract Multlpllcand from the

high word of partial product in DX:AX
LSB of MUltlpller—-O and CF‘”l, add Mul.tlplicand to the high word

of DX:AX |
8. Shlft hlgh word 111 DX, wnlch hclds a slgnad .er (luag preserve
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Introduction to Assembler, Linker, Loader, and Locator Functionality

Part 1

your understanding regarding the function of an

a loader, and a locator. Specifically, starting with a source code
directives and instructions, explain what exactly happens to a
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‘Booth’s Multiplication Algorithm

The multlphcahnn technique presented in Fig, 104 requires that the mmltiplicr
31"?51}'5 be. positive. Booth’s algorithm treats a. positive and negative mulu;)ller uni-
formly and iS more’ smtablc for mumphcanon of mgned-‘?’s complement_ numbers.
It operates on the fact that strmgs of O’s in the multiplier fequire no addiuon but

just shlftmg, and a ‘string af it 5 in the mulnpher from bﬁ wetght 2" to welght 2 can
.bc treated as 2“'” - 2°, For example if the multLpher is 001110 (+14}, then y =3
.and v=1and2* — 2! = 14, Asi in all muluphcanon schemes, the algorithm requires
:-thc eXamination of tha mulhpher bits and squnng of the partial produoct. Prior to the
‘shifting, the mult:phcand mdy be gither 4dded 10, ‘or-subtracted ffom, or may not
change the partial product according to the following rules:

1. The mulnphcand 1§ subtmcted from the partial product upon enconntmng
the firstlina string of I's in the multiplier.

Z. The multiplicand i§ added to the partml product upon cncountermg the.
first 0 (provided that thers was a previous 1) in 4 string of 0's in the mnlt:pher.-

3. The partial product does not change when the bit is identical to the previous
multiplier bit.

The algorithm works for ‘positive or negative mulnphgrs in 2's cumplemani
represantaimn ‘This is Beeanse i negative mulﬁ_pher ends with a string of 1’s and

the last operation will be a subiraction of the appropriite weight. For mmplc
multiplier equal 10 —14 is répresénted a3 110010 and treated as —24 4 23 —
= —14,

The hardware lmplemenmtmn of Booth’s slgcmﬂm requires the register con-
fipuration of th 10-1. As shown in the ﬁgare, 0, d#szguates the:least significant
bit of the mulnp’iwr in r:g:ster QR An extra ﬁin-ﬁﬁp Q,:: must be appendéd to
OR to facilitate 4 double-bit inspection of the mulhphr:r; The flow chart for Booth's
alganthm in shown in_ Fzg 10-5. The AC an& the appc;nded hat 0.+ arc initially
cleared to 0 and the seduence counter §C'; is _s_:; to & number equal to the number
of bits in the mulhph:r The two bils of the mulhphnrm Q,, and Q... areinspected.
If the two bits are equal 16 10,4t means that the first 1 in 8 string of 1’s has been
encountéred, This requires a subtraction of the multiplicand from the partial product
in the AC, If the two hits dre equial to 01, it means that the first 0.in a stiing of 0's

has been cnmuntercd This reqmrcs ths addr’uon of the mnlnphcand to the partis
pmduct; When thé two bits are equal, the pa.ma'l product . does not change. The
next step‘is-to shift-right the partml product and the muitiphaf (including bit Ouvi)
This is an atithmetic sh:ft-ngh’t {ashr) which réquires no. (‘:hange in the AC sign bit.
An cvcrﬁow cannot poour hcmuse the addition .and snbtraﬁmn of the mﬂhplimnd
follow ¢ach other. As a consequénce, the two numbers iliat are. ddded have always
opposite signs, 2 condition that excludes an p‘m:ﬁaw* The-sequence counter is decre-
mented and the computauunal loop is 1 epeated n times,

A numerical example of Booth's algorithm is shown in Tablé 102 for n= 5.
It shows the step-by:step multiplication of (—9) £--15) = —Hl? Nm_ that the
mulfiplier in QR is negative and the mu d in BR is also negative,
10-bit produci appedrs ‘in the AC and QR and 48. POS The final \'alur-nf Q.,.,.,
is the original Sign bit of the multipli nmbbmnespartoftha
prqd:nct.
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hultiply

" NilbipicibgingR )
Multiplier in QR‘

 AC=AC+ AR + |

Fig 108 Booth's sigorithm for tultipkication of signed-2's complement numbers.
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