IBCM 2.2
Principles of Operation

The Itty Bitty Computing Machine 2.2 is a very, very simple computer. In fact, it's so simple
thatno onein theirright mind would build it usingtoday'stechnology Nevertheless— except

for limits on problem size — any computation that can be performed on the most modern, so-
phisticated computer can also be performed on the IBCM 2.2. Its main virtue is that it can be
taught quickly and will provide context for talking about more recent architectures.

CPU Characteristics:

single accumulator,
16-bit, fixed point, 2's complement arithmetic
the program counter, PC, generally points to the next instruction

Memory Characteristics:

4096 16-bit “words”

I/0 Characteristics

move numbers or characters from the accumulator to the screen, or from the keyboard
to the accumulator.

Instruction Format:

Figure 1
0123 45 15
halt
input/output
0o10|°%0 shitt count | shifts
oP address other instructions

The IBCM equivalent of “statements” in a higher level language are very simple instructions.
Each instruction is encoded in a 16-bit word in one of the formats shown in Figure 1 (shaded
areasn theFigurerepresenportionsof thewordwhosevaluedoesn’tmatter).So,for example,

a word whose leftmost four bits are zero is an instruction to halt the computer.

Words with leftmost bits being 0001 and 0010 are input/output instructions and shift instruc-
tionsrespectivelywe’ll comebackto thosein amomentAll otherbit combinationsn theleft-
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most four bits either specify arithmetic or control — sort of like assignment statements and
goto’s in a high level language. These four bits are called the “op” field of the instruction; the
valueof thisfield is oftencalledthe“opcode”. The“address’portionof theinstructiongenerally
specifies an address in memory where an operand (variable) will be found.

There are 13 IBCM operations of this form -- eight that manipulate data and five that perform
control. Thedatamanipulationoperationsall involve the “accumulator’anddatafrom a mem-

ory location specified by the address portion of the instruction. The result of most data manip-
ulation operations is recorded in the accumulator. Thus, the “add” instruction forms the
arithmetic sum of the present contents of the accumulator with the contents of the memory lo-
cation specified by “address” and puts the result back into the accumulator. So — it’s like the
very primitive assignment statemeatéunul at or = accunul ator + menory[ addr ess] ”.

Thecontrolinstructionsdeterminghe nextinstructionto beexecutedThe“jump” instruction,
for example, causes the next instruction executed to be the one at the location contained in its
addresgield. If youthink of theaddres®f amemorycell like alabelin ahighlevellanguage,
then jump is justdot o address”.

Two of thecontrolinstructionsareconditionaltheyeithercauseachangen thecontrolflow or
not, dependingon the natureof the contentsof theaccumulatorThe simplestof the controlin-
struction is “nop”; it does nothing.

Thefollowing tabledescribeshefunctionof eachof the16 IBCM instructionsWherepossible,
bothEnglishandprogrammindanguage-likeexplanationgregivenfor eachinstruction.In the
latter,“a” is theaccumulator;addr” is thevaluesof theaddresportionof theinstruction,and
“mem[]” is memory.

op

36
46
96
616
6
816
%6
A6
B16
Ci6
D16
Bie
F16

CS-216

name HLL-like meaning
load a:= mem[addr]

store mem[addr] :=a

add a = a+ mem[addr]
sub a = a - mem[addr]
and a = a & mem[addr]
or a = a| mem[addr]
xor a = a xor mem[addr]
not a==-~a

nop

jmp goto addr

jmpe if a = 0 goto addr
jmpl if a < 0 goto addr

brl a := PC; goto addr

IBCM 2.2 POO

English explanation

load accumulator from memory

store accumulator into memory

add memory to accumulator

subtract memory from accumulator

logical 'and' memory into accumulator
logical ‘or' memory into accumulator
logical 'xor' memory into accumulator
logical complement of accumulator

do nothing fo operation)

jump to ‘addr’

jump to 'addr' if accumulator equals zero
jump to ‘addr' if accumulator less than zero
jump (branch) to 'addr’; set accumulator to the value of the

PCjustbeforethejump (i.e.,to theaddresdollowing
the brl).
This instruction is often called “branch and link”.
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A few wordsof additionalexplanatiorarenecessarjor someof theseoperationgall of which
are fairly standard for most computers).

1. Arithmetic operations may “overflow” or “underflow”; that is, the magnitude of the re-
sultmaybelargerthancanberepresenteth 16 bits. Theprogrammers responsibldor
ensuring that this doesn't happen.

2. The “logical operations”, AND, OR, XOR and NOT perform bit-wise operations on the
operands. The operations are defined by the following tables:

and |0 |1 or |01 xor |01 not
0 |olo 0 |01 0 |01 0 |1
1 |01 1 (1)1 1 [1]0 1 |0

3. The branch and link instruction is used for subroutine calls, as will be discussed in
class.

Now let’s return to the two classes of instructions that we skipped earlier, input/output and
shifts.

The input/output (or ‘i0’) instructions move data between the accumulator and the computer
‘devices’'— thekeyboardandscreenDatacanbe movedeitherashexadecimahumbersor as
aasciicharactefin thelatercase pnly the bottom8 bits of theaccumulatoareinvolved).The

four possibilities (in/out, hex/ascii) are specified by the bits 5 and 6 of the instruction word as
follows:

bit bit

4 5 operation

0 O read a hexadecimal word (four digits) into the accumulator
0 1 read an ascii character into the accumulator bits 8-15

1 0 write a hexadecimal word (four digits) from the accumulator
1 1 write an ascii character from the accumulator bits 8-15

Shiftingandrotatingarecommonin computersShifting meansmovingdatato theright or left;
rotatingis muchthesamething excepthatbitsthat“fall off” oneendarereinsertecattheother.

Diagrammaticallyfor examplea*“right shift” of “n positions”’lookslike thefollowing whenn
=3
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Orig 01001110

., —
Shifted 000:01001 110

Eachbit is movedn positionsto theright (threein this case) Alternatively, it is movedonebit
to theright n times) This causeshe original n rightmostbits to fall off theright endandn new
(zero)bitsto beinsertedattheleft. A “left shift” is muchthesamegxcepthatbits moveto the
left:

Orig 01001110

e —

Shifted o ™9 |01110000

As notedabove rotatesarelike shiftsexceptthatthebitsdon’tfall off theendbutarereinserted
attheotherend.Below, for exampleis aleft rotation(we’ll leaveright rotatesto yourimagina-
tion).

Orig 01001110

-

Shifted E01110:01oj

Notethattheshiftinstructionsusedits 5-6 to specifytheshift operation(left/right, shift/rotate)
as specified by the following table:

bit bit

4 5 operation
0O O shift left

0 1 shift right
1 0 rotate left
1 1 rotate right

In addition, bits 12-15 of the shift instructions specify the “shift count” — that is, the number
of bits positions that the data is to be shifted (or rotated).
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A Note on Using Hexadecimal Notation

IBCM is abinary computer. Internally all operations are performed on 16-bit binary values.
However,becausé’s sotediousanderror-prondor humango write or read16-bitquantities,

all of IBCM’s input/output is done either as ascii characters or 4-digit hexadecimal numbers.
Remember that these are just external shorthands for the internal 16-bit values!

The | BCM Simulator/Debugger

The IBCM isn't a real computer, of course. One can, nonetheless, run programs written for it.
Thetrick is thatwe havewrittena“simulator”, aprogramthatmakesanothercomputeibehave
more-or-less like the IBCM 2.2.

ThelBCM 2.2simulatorwill executeall theinstructionsof the machineandshowthe contents
of memorylocationsandtheaccumulatoasit executesAfter youstartthesimulatorby double-
clickingonthevb-i bcm exe file in WindowsExplorer,youwill seeascreerwith thefollowing
areas and buttons:

» TheFile pull-down menu in the upper left corner will let yoypen an IBCM
program file from disk, oExit the simulator.

» Thememorydisplaytableattheleft showsall memorylocationsby addressThe
PC (program counter) arrow will point to the next instruction to be executed.

» The accumulator contents are displayed at the upper right.

» Thememorywatchtablekeepsarunningdisplayof thevaluesin memoryloca-
tions that you have specified by double-clicking an address in the memory dis-
play table. Double-clicking an entry in the watch table removes the entry.

» TheRun keywill runyourprogramuntil it reachegt HALT instructionor pauses
for input.

» TheStep key will execute the next instruction and stop (very useful for debug-
ging.)

» TheReset buttonwill resethePCandAccumulatorto zero.Memorylocations
are not cleared.

» The large Input/Output area on the lower right is where you type input and see
output displayed from the I/O instructions in IBCM.

Whenyouloadyour prograntfile usingtheFile->Open menuitem, it will beloadedstartingat
addresgeroin memory.Theaccumulatowill beinitializedto zero,aswill thePC.Pleasenote
the following:

1. the format of your program file is very rigid -- the first four characters of each line are
interpretedasahexadecimahumberThenumbermnthefirst line isloadednto location
zero,thenextinto locationoneandsoon. Charactersfterthefirst four on eachline are
ignored,soyou shouldusethemto commenthe code;examplecodewill bediscussed
in class.

2. when you execute a HALT, the simulator will halt with the PC pointing at the HALT.
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