COMS10015 lecture: week #9

> Context: thisis a HP-35 calculator

noting that it was

> originally released in 1972 and discontinued in 1975 with 300, 000+ units sold,
> originally priced $395, i.e., about the same as a modern laptop (!),

> posthumously named an IEEE Milestone [2] in 2009.
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COMS10015 lecture: week #9

> Agenda: justify the claim
FSM + arithmetic ~» calculator =~ micro-processor,

by exploring a (limited) HP-35 implementation based on content covered so far.
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The HP-35 calculator (1)

Design

Some things are changing for the better.
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The HP-35 calculator (2)

Design
> Concept:

> the HP-35 uses (a variant of) Reverse Polish Notation (RPN):

> in-fix operators give
(19-5)x(1+2)

> pre-fix operators (or “Polish notation”) give

X — 195 + 12,

and finally
> post-fix operators (or “reverse Polish notation”) give

195 - 12 + x.

> doing so is attractive because, for example, it

1. is unambiguous without parentheses, and
2. can be evaluated naturally using a stack.
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The HP-35 calculator (3)

Implementation

> External interface:

1. 'V forVe{0,1,...9}

> X «—10-X+V
2. ‘O for © € {+,—, %X}

> X —YOXY 27,7 «T,T7T «T
3. ‘CLR’ (or “clear”)

> X «—0,Y 0,2 «0,T <0
4. ‘STO’ (or “store”)

> & X
5. ‘RCL’ (or “recall”)

> X' S
6. ‘1" (or “enter”)

> X XY —XZ <Y T «Z



mailto:csdsp@bristol.ac.uk

The HP-35 calculator (3)

Implementation

> External interface:
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The HP-35 calculator (4)
Implementation
» External interface:

> consider
195 - 12 + x

as evaluated using the following key presses

Key-press
119 TIT5]-T71 TT 2]+ X
5y [X|O0 [T [19[19]5 4|1 1]2]3 4
B|Y|0[0]|0|19]19|0 |14|1 |1 |14]0
olzlojlolo|lo|O0O|O0O]|O0|14]|14]0] 0
“|lTtlololo|o|O|O|O|O|]O|O]oO

noting that

> 7 signals the end of multi-digit operands,
» T,Z7,Y and X are used as an evaluation stack,

> doing so yields the result
X = (19-5)x(1+2) = 42

at the Top of Stack (ToS).
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The HP-35 calculator (5)

Implementation

> Internal implementation:

i —
2-phase : LED elements
clock  A&R unit LED controller

ROM unit

C&T unit Key-pad contacts
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The HP-35 calculator (6)

Implementation

Circuit (sketch of “A” part of A&R unit)

result

lALU

10Y X value
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The HP-35 calculator (7)

Implementation

Circuit (sketch of “R” part of A&R unit)

[ X’ Oy — Y’ Py D, s
ctrlX ctrlY B ctrls
ctrl% ctrl? b cfrl%
ctrly ctrly o ctrly
O TN O TN O EHe-NE S FH-NE
X Y S
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Conclusions

Demo
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Conclusions

> We're done: we’ve understood and implemented enough of a (limited) HP-35

calculator to compute

(19-5)x(1+2) = 42,

but the main point is what you can do with this next:

Comparison

Comparison

A pocket calculator
> has input and output peripherals (e.g. keypad, display),
> responds to simple commands from the user:

> numeric keys specifying what to perform arithmetic on, and
> control keys prompting arithmetic to be performed,

> has an ALU to perform arithmetic, and

> has one or more registers (or accumulators), plus a
limited amount of memory (e.g., accessed via STO and
RCL, or M+ and MR).

A micro-processor

> has input and output peripherals (e.g. keyboard, hard
disk, monitor),

executes sequences of simple instructions called
programs:

> operands are what values to operate on, and
> opcodes determine the operation performed,

> hasan ALU to perform arithmetic, and

> has one or more registers (or accumulators), plus
(potentially) many levels and large amounts of memory.



mailto:csdsp@bristol.ac.uk

Additional Reading

Wikipedia: HP-35. urL: https://en.wikipedia.org/wiki/HP-35.

> TM. Whitney, F. Rodé, and C.C. Tung. “The “Powerful Pocketful”: an Electronic Calculator Challenges the Slide Rule”. In:
Heuwlett-Packard Journal. 1972, pp. 2-9.

> D.S. Cochran. “Algorithms and Accuracy in the HP-35". In: Hewlett-Packard Journal. 1972, pp. 10-11.

> E.T. Liljenwall. “Packaging the Pocket Calculator”. In: Hewlett-Packard Journal. 1972, pp. 12-13.
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