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(54) Simulation of a condition code during code transformations 

(57) The invention relates to a method of 
simulating a condition code (CC) when porting 
hardware-specific program code (PCU) from a 
source hardware (M1) to a target hardware (M2) 
where no hardware support of a condition code 
(CC) is provided. 
 Mapping is defined which uniquely 
associates each possible value (CCW) of the 
condition code (CC) on the source hardware (M1) 
with a bit pattern (BM) on the target hardware (M2). 
To store the bit pattern (BM) associated with the 
respective current value (CCW), a memory area 
(REG) is provided on the target hardware (M2). 
When porting the program code (PCU), any 
instruction (An) potentially influencing the value 
(CCW) is transformed by being simulated in the 

program code (PCZ) by means of a command (B1, 
B2) generating a result value in the course of the 
execution of the program and without using 
branching commands.  Also, additional code(ZC1, 
ZC2, ZC3) for the target hardware (M2) is produced 
which ascertains at runtime the bit pattern (BM) 
corresponding to the value (CCW) on the source 
hardware (M1) following execution of the instruction 
(An) by virtue of a prescribed initial bit pattern being 
subjected to a bit operation whose effect is 
dependent on the at least one result value 
generated in connection with the instruction (An). 
The advantage of this method is that for its 
implementation on the target hardware (M2) no 
time-consuming jump commands are required. 

 

FIG. 1  

Code transformation 

CC implementation 
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Description 
 
 The invention relates to a method for 
simulating a condition code when porting hardware-
specific program code from a source hardware to a 
target hardware, in which no hardware support of a 
condition code is provided. 
 In particular, on mainframe systems (e. g. 
VAX or IBM/390 mainframes) a special hardware 
flag, known as condition code or and usually 
comprising several bits, is often implemented in the 
computer architecture. It represents a hardware 
display, which is utilized, inter alia, in comparison 
operations and is set by appropriate machine 
commands to a value specified depending on the 
result of the operation. Also arithmetic overflows 
can be displayed. Subsequent commands, 
especially conditional branch instructions, can then 
evaluate the condition code, for example, to specify 
a jump target. 
 New computer generations, especially 
those with RISC architecture, usually have no 
condition code. As a result, when transforming 
hardware-specific program code from a source 
hardware with condition code to program code for 
such a target hardware without condition code, a 
software level conditional code must be simulated. 
 In particular, if the value store of the 
condition code comprises more than two different 
values, several individual queries or comparisons 
must also be performed on the target hardware 
during the simulation of an instruction in order to 
ascertain the value of the condition code after a 
sequence of commands resulting from an 
instruction that influenced the condition code during 
the transformation. To do this, the results of the 
individual queries or comparisons must be linked to 
one another in order to obtain the condition code. 
An obvious and commonly used method is to make 
an "if" cascade out of the individual queries or 
comparisons, i. e., to build a multi-level branch. The 
implementation of such a branch into machine code 
takes place with the aid of jump commands. In the 
case of such a solution, however, the jump 
commands which for many computers are 'time-
consuming' relative to other machine commands, 
i.e., requiring a high number of processor clock 
cycles, will result in loss of speed. 
 The object of the invention is therefore to 
specify a method for simulating a condition code 
when porting hardware-specific program code from 
a source hardware to a target hardware that is not 
providing for condition code, in which the above-
mentioned disadvantages are avoided. 
 The object is achieved by a method for 
simulating a condition code having the features 
specified in claim 1. 

 The simulation of the condition code on the 
target hardware according to the invention is 
carried out as follows: 
First, mapping is defined which uniquely associates 
each possible value of the condition code on the 
source hardware with a bit pattern on the target 
hardware. To store the bit pattern associated with 
the respective current value of the condition code, a 
memory area or a separate register is provided on 
the target hardware. 
When porting the program code of the source 
hardware, any instruction potentially influencing the 
value of the condition code is transformed by being 
simulated in the program code for the target 
hardware by means of a command generating a 
result value in the course of the execution of the 
program and without using branching commands. 
 The command accomplishes both the 
determination of the result value as a function of 
the program run and the setting and outputting of 
this result value, e. g. in a register. This 
combination of two sub-functions in a single 
machine command is crucial to avoid branching in 
the program flow. To simulate an instruction, it may 
also be necessary to combine several, even 
different ones, of such result value-generating 
commands. 
 For example, a comparison instruction that 
compares two values on the source hardware and 
outputs the result of the comparison by setting the 
condition code to a corresponding value, can be 
simulated on the target hardware by using a 
command implementing the elementary 
comparison operation ">"("greater than") and 
providing a result value characterizing the 
comparison result. Linking several such commands 
is required if the original comparison instruction can 
generate more than two different results 
represented by the condition code (e. g., "greater", 
"less", "equal"). 
 During the transformation, additional code, 
hereinafter referred to as "additional code", is 
generated for the target hardware, by which at 
runtime the bit pattern corresponding to the value of 
the condition code on the source hardware after 
execution of the instruction is ascertained. This is 
done by subjecting a given output bit pattern to a bit 
operation, the effect of which depends on the at 
least one result value generated in connection with 
the instruction. 
 The advantage of this method results from 
the fact that when it is implemented in machine-
readable program code on the target hardware, 
unlike, for example, a branch cascade ("if 
cascade") controlled by individual queries, no jump 
commands are required: 
 The individual result values of the 
commands for the simulation of an instruction are 
determined independently of each other 
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and utilized in the bit operation on the output 
pattern in a fixed manner for the determination of 
the bit pattern. Branching of the program flow (and 
thus jumps) are not required for this purpose. 
 Advantageous embodiments and further 
developments of the invention are the subject of the 
dependent claims. 
According to a first configuration of the invention - 
claim 2 -, the generation of the additional code for 
ascertaining the bit pattern corresponding to the 
value of the condition code for an instruction only 
takes place when porting, if there is the possibility 
that there is an evaluation of this bit pattern taking 
place in the program flow before the possible 
influence of the condition code by subsequent 
instructions. If, on the other hand, it is clear that 
regardless of a specific program run the condition 
code generated in the execution of the relevant 
instruction on the source hardware would be 
overwritten in any case, before it could be used in 
the further course of the program, the generation of 
the additional code for this instruction when porting 
is omitted. Thus, unnecessary program code and 
resulting runtime can be saved without incurring 
disadvantages. 
 According to an embodiment of the 
invention - claim 3 -, at least one of the commands 
used for the simulation of instructions influencing 
the value of the condition code, is a comparison 
command. It can be used to simulate mainly the 
frequently required comparison operations of the 
source hardware 
 A further configuration of the method 
according to the invention - claim 4 -, relates to a 
special representation of the simulated condition 
code on the target hardware. In this case, each 
value i of the original condition code is associated, 
on the target hardware, with a bit pattern in which 
only a bit position uniquely associated with the 
value i is set to "1" and all other bits of the bit 
pattern to "0". This special association of bit 
patterns is particularly advantageous when these 
bit patterns correspond to the jump masks of the 
program branching instructions on the source 
hardware (e.g., in case of IBM/390 systems). This 
then makes possible a very high-performance 
query of the simulated condition code by 
subsequent branching commands resulting from 
the source code when porting. 
 According to a further embodiment of the 
invention - claim 5 -, the bit operation is 
implemented by using at least one shift command 
 In a particular variant of this embodiment - 
claim 6 -, the output bit pattern for the bit operation 
is associated with a prescribed value of the 
condition code, and the bit operation involves the 
initial bit pattern being shifted by a prescribed 
number of bit positions depending on the at least 
one result value which appears at runtime in 

connection with the simulation of an instruction. In 
this case, different shifting directions can also occur 
depending on the at least one result value. 
 Details of the invention will be explained in 
more detail by means of exemplary embodiments 
with reference to the drawing. 
 
FIG. 1 shows schematically the basic principle of 
the method according to the invention for simulating 
a condition code; 
 
FIG. 2 shows the value assignment for the 
condition code in a comparison command; 
 
FIG. 3 shows the structure of a branching cascade 
in previous solutions; 
 
FIG. 4 shows a specific example of simulating an 
instruction for a source hardware on a target 
hardware. 
 
 The basic principle of the method according 
to the invention for simulating a condition code is 
shown schematically in FIG. 1. A program code 
PCU to be ported from a source hardware M1 to a 
target hardware M2 is made up of individual 
instructions A1, A2, ..., AN. Among these instructions 
is at least one, e. g. An, which influences the value 
CCW of the condition code CC provided in the 
machine architecture of the source hardware M1. In 
the case of computers using a condition code, this 
is almost always the case in practice, since most of 
the computer commands influence the value CCW 
of the condition code CC and the conditional 
branches which are often required at least in large 
part rely on the evaluation of the condition code 
CC. 
 In a code transformation with which the 
program code PCU to be ported is converted into 
program code PCZ for a target hardware M2, each 
of the instructions A1, A2, ..., AN is implemented as 
a command (or a semantically equivalent command 
sequence) in the program code PCZ. For 
instructions potentially influencing the value CCW 
of the condition code CC, additional program code 
(additional code) is generated for the simulation of 
the condition code CC on the target hardware M2. 
In the example shown in FIG. 1, in this way, the 
instruction An in the program code PCU is 
implemented as a command sequence in the 
program code PCZ. This command sequence 
consists of two commands B1 and B2 required for 
the semantic representation of the instruction An 
and an additional code consisting of three 
subsections ZC1, ZC2 and ZC3. 
 In the machine architecture of the source 
hardware M1, the condition code CC is typically 
implemented as a special hardware display. The 
condition code must be simulated on the target 
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hardware. In addition to the above-mentioned 
generation of additional code in the code 
transformation, it is also necessary to provide for a 
memory area - for performance reasons, a 
processor register REG is advantageous - in which 
the respective current value of the condition code 
simulated by the additional code is stored in the 
form of an associated bit pattern BM. 
 The figures FIG. 2, FIG. 3 and FIG. 4 refer 
to a specific exemplary embodiment in which an 
IBM/390 computer system is selected as source 
hardware M1 and a signed "a" value is to be 
compared to zero. 
 Different comparison instructions are 
available on this source hardware for such 
comparisons, which compare a first numerical 
value OP1 with a second numerical value OP2 and, 
- as depicted in FIG. 2, columns one and two - 
depending on the result of this comparison set the 
value CCW of the condition code CC. In 
accordance with a configuration of the invention, bit 
values BM are respectively uniquely associated 
with the values CCW thus specified when 
simulating the condition code on a target hardware 
(e. g. a Mips R4400 RISC machine) - FIG. 2 third 
column - where one bit position is set to "1" and all 
other bit positions are set to "0". In the example, 
these are the bit patterns "1000" for equality of both 
numerical values OP1 and OP2, "0100" for the 
case OP1 < OP2 and "0010" for the case OP1 > 
OP2. In addition, the value CCW = 3 is defined for 
the condition code CC or the associated bit pattern 
"0001" to indicate a numeric overflow. However, in 
comparison operations in which both operands 
(numerical values) are well-defined, an overflow 
does not matter, so that it will not be discussed in 
more detail below. 
 FIG. 3 depicts, first, a method obvious to 
the person skilled in the art for generating the bit 
pattern associated with the condition code. In a 
branching cascade, the comparison of the 
numerical value a selected as the first operand 
OP1 with the numerical value "0" selected as the 
second operand OP2 is subdivided into two 
individual queries. The first individual query checks 
the equality of both operands and sets the bit 
pattern BM to value "1000" set in FIG. 2, if the 
equality is fulfilled. Otherwise, the second individual 
query follows, which checks whether the numerical 
value a is greater than the second numerical value 
"0". According to the comparison result, the bit 
pattern BM is then set. During the implementation 
of the branching cascade in program code there is 
a jump command, with which the second individual 
query is called in case of OP1 ≠ OP2 (a ≠ 0). 
However, with this method, the jump command 
which for many computers is 'time-consuming' 
relative to other machine commands, i.e., requiring 

a high number of processor clock cycles, results in 
significant loss of speed.  
 In contrast, the method according to the 
invention for simulating a condition code in a code 
transformation does not require jumps. For the 
above example of a comparison instruction, FIG. 4 
depicts the command sequence generated in the 
program code PCZ for the target hardware M2 and 
consisting of the subsections ZC1, ZC2, ZC3 of the 
additional code and the commands B1 and B2. The 
last three columns of the table shown in FIG. 4 
indicate in each line in each case for the cases a = 
0, a > 0 and a < 0 the current value of the bit 
pattern BM or the contents of two register variables 
t1 and t2 after execution of the command appearing 
in the line. 
 As a first step, an output bit pattern is 
defined in the subsection ZC1, which corresponds 
to the case OP1 < OP2, (a < 0) and is thus 
associated with a permissible value (CCW = 1) of 
the condition code CC. 
 Command B1 represents a first command 
needed to simulate the comparison instruction 
present in the program code PCU and serves to 
check the equality of both operands (OP1 = a, OP2 
= 0). The result of this first individual query is stored 
as the result value "1" (for equality) or "0" (for 
inequality) in the register variable t1. In the following 
step, subsection ZC2, a first part of a two-part bit 
operation acting on the (output) bit pattern BM 
takes place. The bit operator in the example is the 
shift operator "<<", which causes the bit pattern BM 
to be shifted by the number of bit positions (0 or 1) 
stored in a register variable t1 in a first direction (to 
the left). 
 The subsequent command B2 represents 
the second command needed to simulate the 
comparison instruction present in the program code 
PCU. It checks whether the first operand (OP1 = a) 
is greater than the second one (OP2 = 0). The 
result of this second individual query is stored as 
result value "1" (for a > 0) or "0" (for a < 0) in the 
register variable t2. In the final step, subsection 
ZC3, the second part of the two-part bit operation 
takes place. It acts on the bit pattern BM already 
subjected to the first part of the bit operation. The 
bit operator is now the shift operator ">>" 
complementary to the first bit operator, which 
causes the bit pattern BM to be shifted by the 
number of bit positions (0 or 1) stored in the 
register variable t2 in the direction opposite to the 
first shift direction (i. e. to the right). The bit pattern 
BM resulting in this step is uniquely associated with 
the value CCW of the condition code CC occurring 
after execution of the original comparison 
instruction on the source hardware M1 and can be 
evaluated by subsequent instructions in the 
program code PCZ instead of the original condition 
code CC of the source hardware M1.  
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Claims  
 
1. A method for simulating a condition code 
(CC), used for the execution of hardware-specific 
program code (PCU) for a source hardware (M1), in 
the program code (PCZ), obtained following 
transformation, for a differing target hardware (M2) 
with a machine architecture which operates without 
a condition code (CC), 
wherein 

- a memory area (REG) holding the 
respective current value (CCW) of the 
simulated condition code (CC) in the form 
of an associated bit pattern (BM) is 
provided on the target hardware (M2), and 
- each instruction (An) influencing the value 
(CCW) of the condition code (CC) in the 
program code (PCU) for the source 
hardware (M1) is simulated in the program 
code (PCZ) for the target hardware (M2) 
without using branching commands and 
using at least one command (B1, B2) which 
generates a result value during the 
program execution, and 
- additionally code (ZC1, ZC2, ZC3) is 
produced which ascertains at runtime the 
bit pattern (BM) corresponding to the value 
(CCW) of the condition code (CC) on the 
source hardware (M1) following execution 
of the instruction (An) by virtue of a defined 
initial bit pattern being subjected to a bit 
operation whose effect is dependent on the 
at least one result value generated in 
connection with the instruction. 

 
2. The method according to any one of the 
preceding claims, 
characterized 
in that during the transformation the additional code 
(ZC1, ZC2, ZC3) is produced for the purpose of 
ascertaining the bit pattern (BM) corresponding to 
the value (CCW) of the condition code (CC) 
following execution of an instruction (An) only if 
there is no exclusion to evaluation of this bit pattern 
(BM) taking place in the program flow prior to the 
possible influencing of the condition code (CC) by 
subsequent instructions. 
 
3. The method according to any one of the 
preceding claims, 
characterized 
in that at least one of the commands (B1, B2) used 
to simulate instructions (A1, A2, …, AN) influencing 
the value (CCW) of the condition code (CC) is a 
comparison command. 

 
4. The method according to any one of the 
preceding claims, 
characterized 
in that a current value (CCW) of the original 
condition code is associated, on the target 
hardware, with a bit pattern (BM) for which only a 
bit position clearly associated with the value (CCW) 
is set to "1" and all other bits of the bit pattern (BM) 
are set to "0". 

 
5. The method according to any one of the 
preceding claims, 
characterized 
in that the bit operation is implemented by using at 
least one shift command 

 
6. The method according to claim 5, 
characterized 
in that the initial bit pattern for the bit operation is 
associated with a prescribed value (CCW) of the 
condition code (CC), and the bit operation involves 
the initial bit pattern being shifted by a prescribed 
number of bit positions depending on the at least 
one result value which appears at runtime in 
connection with the simulation of an instruction (An). 
 
 
 
4. The method according to any one of the 
preceding claims, 
characterized 
in that a current value (CCW) of the original 
condition code is associated, on the target 
hardware, with a bit pattern (BM) for which only a 
bit position clearly associated with the value (CCW) 
is set to "1" and all other bits of the bit pattern (BM) 
are set to "0". 
 
5. The method according to any one of the 
preceding claims, 
characterized 
in that the bit operation is implemented by using at 
least one shift command 
 
6. The method according to claim 5, 
characterized 
in that the initial bit pattern for the bit operation is 
associated with a prescribed value (CCW) of the 
condition code (CC), and the bit operation involves 
the initial bit pattern being shifted by a prescribed 
number of bit positions depending on the at least 
one result value which appears at runtime in 
connection with the simulation of an instruction (An). 
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FIG. 1 

 

 

Comparison result CCW BM 

OP1 equal to OP2 0 1000 

OP1 < OP2 1 0100 

OP1 > OP2 2 0010 

Overflow 3 0001 

 

 

FIG. 2 

  

CC implementation 

Code transformation 
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FIG. 3 

 

 

Command sequence in PCZ a = 0 a > 0 a < 0 

ZC1 Set BM to ‘0100’ BM = 0100 BM = 0100 BM = 0100 

B1 If a = 0, set t1 = 1, otherwise t1 = 0 t1 = 1 t1 = 0 t1 = 0 

ZC2 BM << t1 BM = 1000 BM = 0100 BM = 0100 

B2 If a > 0, set t2 = 1, otherwise t2 = 0 t2 = 0 t2 = 1 t2 = 0 

ZC3 BM >> t2 BM = 1000 BM = 0010 BM = 0100 

 

FIG. 4 

a equal to 0 ? 

                      yes                                                                                 no 

 

Set BM 

to ‘1000’ 

 

a > 0 ? 

                       yes                                                   no 

Set BM 

to ‘0010’ 

Set BM 

to ‘0100’ 
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